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“MENTAL TESTS” FOR SHEPHERD DOGS 


An Attempted Classification and Evaluation of the Various Traits that 
go to Make Up “Temperament” in the German Shepherd Dog 


S. 


HUMPHREY 


Fortunate Fields, Morristown, N. J. 


HIS article may have little direct 
| value to genetics but it is hoped 
that it will prove a help to others 
engaged in studies of the inheritance of 
mental and emotional characteristics. 
In 1924 at Fortunate Fields, above Vev- 
ey, Switzerland, a research problem was 
started dealing with inheritance in the 
German Shepherd dog as one of its 
angles. We were especially interested 
in the inheritance of mental and be- 
havior traits. As a scale for measur- 
ing such traits we had to do a good 
deal of studying along the lines of dog 
education; and then to utilize the dogs 
so educated, we had to make still an- 
other study of the possible economic 
uses of the dog in the modern pattern 
of life. 

At the time the experiment was start- 
ed we accepted the theory of dog breed- 
ers that the best working dog was the 
most “intelligent” dog. That word is 
quoted as we are using it in the sense 
that dog breeders used it then and still 
use it. They are not using the word in 
the dictionary sense nor in the psycho- 
logical sense but rather to express 
“ability to do the master’s will to the 
master’s satisfaction.” In order that 
we might have a better understanding 
of our problem we spent some time in 
Germany studying the breed at home 
and trying to find out what dogs the 
German breeders, trainers and users of 
the breed considered “intelligent” from 
the standpoint of this last meaning. 

The sum total of what we found out 
was that the Germans considered that a 
dog of good “temperament” would be 
able to work whereas a dog of poor 
“temperament” was useless and that the 
better the temperament the better the 
quality of the dog’s work. The German 
breeders and trainers themselves used 
either the word “Temperament” or 
“Wesen” but had no way to break 
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down either word except to explain that 
with experience one “knew” tempera- 
ment as good or bad, as suitable or un- 
suitable. 

With this as basic information our 
first records were necessarily limited to 
“good temperament” if the dog worked 
or “bad temperament” if the dog did 
not prove equal to the task. Coupled 
with these records we kept notes as 
completely as possible on all points of 
the dogs’ education and on all behavior 
characteristics. Soon the collective noun 
“temperament” commenced to break up 
and we could see some of its parts 
which had an influence on whether the 
dog learned or not and whether he was 
capable of his job or not. 

Once the break-up started. and we 
commenced to keep closer records on 
the various parts, we thought we 
were on our way. We _ were—to 
learning some of our false guesses. 
The breaking up was into both men- 
tal and physical traits which influ- 
enced learning and actions. Since 
then we have found that some of our 
so-thought physical traits were men- 
tal and some of the so-thought men- 
tal traits were physical. As ex- 
amples: the trotting gait of the Shep- 
herd varies all the way from a high- 
actioned, short trot to a long, low 
sweeping trot. We figured the dif- 
ference wholly physical—a result of 
structure. Then we happened to 
notice that the same dog might ex- 
hibit degrees toward either extreme, 
according to the environment at the 
moment. On closer study we found 
that one and the same dog would 
have a shorter, higher trot when he 
was sure of his surroundings or at 
play with smaller dogs while if he 
were on leash with a trainer whom 
he slightly feared or if in the pres- 
ence of dogs which he thoroughly 


“Non-Hanger” “Hanger” “Non Hanger” “Hanger” “Non-Hanger”’ “Hanger” 


“HANGING” A PHYSICAL NOT A PSYCHOLOGICAL CHARACTERISTIC 
Figure 1 
These views from two movie strips serve as a time table of a high jump made by two 
dogs—a * ‘non-hanger” and a “hanger.” In the. first two columns are shown corresponding 
“frames” from each of the strips: that is, the same number of exposures was omitted between 
each of the views. Note that after the “hanger” reaches the top of the jump he remains in 
virtually the same position all through the second series of photographs. At the top of the 
third column the “non-hanger” is just reaching the ground and the “hanger” is about to begin 
his descent. In order to compare the differences in taking up the shock of landing, twenty- 
five frames have been omitted from the strip showing the “hanger.” Beyond this point the 
two series include all of the pictures,—that is, none of the frames are omitted. Note that the 
hanger lands with his four feet solidly on the ground and that his nose actually touches the 
ground. The non-hanger throws his hind legs very much farther forward so that they touch 
the ground in advance of his front legs. He keeps his nose clear of the ground. The differ- 
ence between the two dogs proves to be not a psychological characteristic but a difference in 
the conformation of their shoulder blades, which prevents the hanger from absorbing the 
shock of landing as efficiently as does the non-hanger. 
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respected the trot became lower and 
longer. After further experimenta- 
tion this “physical trait” dissolved, 
partially at least, into a mental trait 
as it became a manifestation of one 
type of fear. 

An example of the opposite type of 
error occurred in our classification of 
some dogs as “hangers,” which we 
considered to be a mental behavior 
trait. These dogs did not jump their 
high jumps as did the non-hangers. 
The ordinary dog takes a running 
jump at a fence of say 6% or 7 feet, 
hits it about five feet up, crawls to 
the top and then jumps down the other 
side at once. Such are the non- 
hangers. The hangers do the same 
until the top is reached. Then there 
is a definite pause or hang before 
jumping down, a pause which may 
lengthen and necessitate a command 
to come down from the top of the 
jump. This trait seemed to run in 
families, especially family No. 4 and 
a section of No. 7 so we felt pretty 
sure that this was not only a definite 
mental-behavior trait but also that 
it was an inherited trait. Then came 
the time when we we-e taking some 
slow movies for a different purpose. 
Included were some jumping pictures 
and quite by accident these included 
both hangers and non-hangers. What 
was our surprise to see in the slowed- 
up action of the movies that the non- 
hangers hit the ground with their 
front feet, took up the jar and, letting 
their hind feet pass well ahead, 
straightened out into a run whereas 
the hangers hit the ground in the 
same position but failed to take up 
the jar in the same way. The spring 
was not there; their noses bumped 
the ground hard; their hindquarters 
were thrown out of balance and hit 
to the side and they almost rolled 
into a running position to get away. 
This bump was so fast that we had 
failed to see it in the normal speed 
of action. Then followed a re-study 
of our hangers and non-hangers and 
we found that the hangers without 
exception were dogs straight in shoul- 
der structure as compared with the 
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THE 
Figure 2 

When jumping over an obstacle more than 
three oad one-half feet high the dog hits the 
jump with all four feet, pulls himself over 
with his front feet. The “hanging” charac- 
teristic is evident when the dog arrives at the 
top of the jump. There the hanger stays for 
an appreciable time while the non-hanger 
completes the jump without hesitation. See 
Figure 1. 


lesser angles of the shoulders of the 
non-hangers. So one more trait 
shifted around and our mental-be- 
havior trait became a physical trait. 

In this way, almost a trial and 
error method, we came to our pres- 
ent partial list of the characteristics 
which go to make up our original 
“Temperament”—the German “We- 


sen.” These include: 
Body sensitivity Willingness 
Ear sensitivity Energy 
Nose ability Self-right 
Intelligence Confidence 


4 


132 


(Courage seems to be a function of 
self-right and confidence and perhaps 
experience.) 

Sharpness 

Fighting instinct 

Protection instinct 


Initiative 
Affection 
Wildness-tameness 


Alertness “Apport” 
Curiosity Jealousy 
Attentiveness 


While we recognize all of the above 
at this time we have not, in all cases, 
devised methods of judging them nor 
scoring them. The first eleven we 
can score fairly well. The next eight 
we know as characteristics but have 
not yet a satisfactory method of scor- 
ing. The next to the last character- 
istic, ‘“Apport,” is characteristic 
which seems definitely limited to cer- 
tain families but our data are too 
limited to be discussed. 


The Terms Defined 


It might be interesting to know 
what we mean by the first eleven 
terms as they are not wholly self- 
explanatory. These terms are words 
we have fitted to our understanding 
but which do not always accord with 
the dictionary meaning. 

Sensitivity, body and ear. When al! 
theory has been put aside and we 
finally come to practical results the 
instructor of a dog must rely on two 
methods of giving reward or correc- 
tion, the one is by word and the other 
by touch. We have had no direct 
way in which we could test the actual 
sensitivity of the body covering nor 
of the hearing of our dogs, but in all 
instruction the teachers quickly get a 
very accurate judgment on the dog’s 
responses to verbal or manual caresses 
or corrections. The ratings we have 
given the dogs have been based, there- 
fore, on the pleasure or fear responses 
shown rather than on actual measured 
sensitivities. In scoring these two 
characteristics we have taken such 
training evidence into consideration 
and if the dog showed no response to 
sound, for example, though we knew 
from his reaction to a jingling feed 
pan in the distance that he was not 
deaf he was scored 1, some reaction 
scored 2, normal attention and normal 
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reaction scored 3, fear of the sound 
but willingness to be assured by his 
friend the instructor scored 4, where- 
as uncontrollable fear, trembling or 
unreasonable attempt at flight was 
scored 5. The same scale was used 
for body sensitivity. From a practical 
standpoint the dog must have some 
sensitivity if his instructor is to be 
able to “reach” the pupil with the 
rewards and corrections necessary to 
animal learning. 

Nose ability does not really mean 
olfactory acuity in the strict sense of 
the term. It might, perhaps, be bet- 
ter termed “trailing willingness.” All 
dogs seem to have sufficient olfactory 
acuity for any work that they will be 
called to do. Many of them, how- 
ever, are not willing to utilize this 
sense for solving a man-made prob- 
lem. Dogs which learned to utilize 
their nose ability for trailing pur- 
poses, which showed the smallest per- 
centage of error and dogs which 
would tell by their actions whether 
they were sure or unsure of their 
work, were scored 1. The same scale 
of five was used, with the score of 5 
applied to dogs which would utilize 
their noses only for their own ends 
and in no form for their masters, ex- 
cept to hunt their own master. 

Intelligence is also scored one to five. 
The basis of training judgment on 
this point is the readiness with which 
a dog learns and the extent to which 
it retains and uses what it has learned. 
It should not be assumed that judg- 
ment is based on the willingness of 
the dog to do its master’s wish. Cer- 
tain dogs learn very readily but are 
extremely difficult to instruct. They 
learn how to avoid doing what is 
wanted and then utilize what they 
have learned. If a dog exhibits a like 
amount of brain work in avoiding 
obedience it is scored as high for in- 
telligence as though it had used the 
same amount of brain work to carry 
out the command given. 

Willingness is a term which most 
psychologists will say is “hooey,” but 
which is one of the easiest character- 
istics for the instructors to score. 
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Some dogs are constantly trying to 
do what their masters wish and others 
are as constantly trying to avoid the 
same thing. The dog which is always 
trying to “get” his master’s wish and 
carry it out, especially with learned 
action, is credited 1 for willingness. 
The dog which knows what is wanted 
but always needs the threat of a 
verbal or manual correction to carry 
out that wish is marked 5 for willing- 
ness. 

Energy indicates the spontaneous ac- 
tivity of the animal. The animal’ al- 
ways on the move is scored 1 whereas 
the “lounge-lizard” which always 
seeks a place in the sun or the shade 
and then lies down is scored 5. 

Self-right was the only term we could 
think of for the characteristic we 
classify under this head. It seems to 
be the feeling of a “right to be right 
here.” The dog which has it holds his 
position regardless of what comes up 
to him whereas the dog which lacks 
it moves to the side to let the other 
pass. There is nothing of fear in this 
sideways movement—just an_ indi- 
cation that the dog feels the other 
has the right of way. This charac- 
teristic is hard to describe and many 
terms have been suggested of which 
perhaps the best single word is “sov- 
ereignity.” Once the characteristic 
has been pointed out and understood, 
however, it is easy to see and be- 
comes a real characteristic—just as 
plain and just as full of meaning as 
the word “quality” which every live- 
stock breeder uses but finds trouble in 
explaining. Originally we scored “‘self- 
right” on a 1 to 5 scale with the ex- 
treme feeling of self-right scored 1 and 
the dog which always gives way to 
others, human or canine scored 5. As 
the ideal for this characteristic was the 
midpoint with either extreme undesir- 
able in the ordinary dog, we then 
changed the scale to read both ways 
from an ideal of 1, up to plus five for 
extreme expression and down to minus 
five for extreme lack of quality. The 
same plus and minus scale from an 
ideal of 1 was also adopted for the 


“FIGHTING INSTINCT” AND 
“SELF RIGHT” 
Figure 3 

This picture while not of dogs, illustrates 
better than any dog picture available two 
traits discussed in this article. The horse at 
the left displaying the fighting instinct is 
quite in contrast to the horse at the right 
which, without aggression, is nevertheless 
fully intending to maintain his position in 
spite of the aggressive attitude of his neighbor. 


qualities of sharpness, fighting instinct 
and protective instinct. 

Confidence is an entirely different 
thing from self-right. The dog may 
have all the self-right in the world 
and yet have a mistrust of strangers. 
The dog which scores 1 for confidence 
goes up to any stranger on sight and 
makes friends. A “4” dog will not 
make up to a stranger if the stranger 
tries to make the advance but if the 
stranger says nothing and pays no 
attention to the dog the dog will come 
up, smell, and in ten minutes be mak- 
ing friends on his own. The 5 score 
for confidence is given the dog which 
simply will not make friends nor ap- 
proach strangers unless a period of 
days is given during which he may 
become assured that the other is go- 
ing to be good company. 

Sharpness has a scoring system of 1 
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“NOSE” AND “RESPONSIBILITY” 
Figure 4 

Above, Omar Fortunate Fields illustrating “nose.” The dog must take the initiative 
in trailing and the long lead is used not to influence him but to keep him from trailing 
too fast and to keep him near enough to his master so that the latter may see each 
clew indicated by the dog. “Responsibility” (below) must be displayed by a dog which 
is to perform satisfactorily in the absence of his master. In this instance Owl Fortunate 
Fields is guarding a prisoner. He makes no move unless the prisoner attempts to es- 
cape, in which case the dog stops him but releases his hold the moment the prisoner 
becomes stationary. A dog which lacks an inherent ability to display responsibility 
cannot be depended on to perform such a task. 
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for a neutral condition plus 5 for the 
extreme in sharpness and minus 5 for 
the extreme in lack of sharpness, 
making a total range of nine points. 
Sharpness is strictly speaking the 
willingness to bite a human being. 
The dog which would not bite unless 
forced to is scored 1. Ranging up- 
ward from this we find dogs which 
need less and less provocation to bite 
and they are put on the plus side 
whereas the dogs which need more 
and more provocation are put on the 
minus side down to the dog which we 
cannot teach to bite a human being. 
Note that we have said human, for 
some dogs which score a minus 5 in 
sharpness score high in fighting which 
is biting those of their own kind. 
Fighting, as indicated, is the desire 
to fight others of their own kind. It 
also is on a plus and minus score with 
1 the center, the dog which will not 
seek nor avoid a fight. The dog which 
is always hunting a fight is plus 5 
and the dog which will never meet a 
fight is minus 5. The same system 
of scoring is used for the instinct of 
protecting a human master. Some 
dogs have it in a plus 5 degree and 
are really a nuisance if any friends or 
visitors come around, others cannot 
be taught to protect a master, no 
matter how much they think of him 
and so fall into the minus 5 class. 


Good Temperament 


So much for the various character- 
istics. Now what do we mean by 
“good temperament,” what is the par- 
ticular combination of these charac- 
teristics necessary to a working dog? 
There again we had plenty to learn. 
In the course of our experiment to 
date we have taught dogs to do many 
different kinds of work. Of these five 
chief types are: 

Police work which includes obedience, nose 


work in the searching of lost objects 
and man-work including attack. 
Trailing work for the police which may 
mean following a human trail cr an ani- 
mal trail, obedience but not man work. 
It is interesting to note that about 80% 
of the trails made by trailing dogs in 
police service are non-criminal but are 
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for persons lost or who have committed 

suicide. 

Blind guides. 

Army messenger dogs which includes all 
forms of messenger service under hre, 
messages, laying telephone wire, carry- 
ing ammunition or rations, carrying mes- 
senger pigeons in the opposite direction 
to their line of flight, etc. (called “Liai- 
son” in Table I). 

Companion dogs, which includes all those 
dogs which have gone into private homes 
as companions, pure and simple. 

When the dogs which have made 
good at the various lines of work are 
listed together and then the means 
and standard deviations of their vari- 
ous characteristics computed we find 
that the “patterns” of temperament 
differ for the line of work demanded. 
This difference is, we feel, a true dif- 
ference, for many dogs have been tried 
for one line of work, failed, and then 
succeeded in some other line of work. 
After all, this is not so astonishing 
for we could not think it possible for 
all girls to be good stenographers nor 
would we look for the same type of 
mental pattern in girls expert in vari- 
ous lines of work. The temperament 
patterns are shown in Table I. This 
table shows the average score for each 
characteristic for all dogs which were 
trained to and succeeded in the five 
major divisions of work. In all classes 
of work and in most of the character- 
istics there was a wide variation of 
scores which succeeded so that the 
averages alone do not tell the story. For 
this reason the mean is given, together 
with the range in score obtained by 
adding and subtracting the standard 
deviation from the average or mean. 
This range will include two-thirds of 
the dogs which are included in any 
class, and the importance of each char- 
acteristic and its score requirements for 
the work are to be judged by the nar- 
rowness of this range. 

A wide range in sensitivity is found 
in dogs employed in different types 
of work. Police work demands the 
least sensitive, probably as a result of 
the police dog having to go against 
harder blows and more gun fire at 
short range than any of the other 
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workers. In nose work it is inter- 
esting to note that, while the trailing 
dog demands the best, as might be 
expected, the blind leader falls in the 
lowest class. This is not as strange 
if we remember that a dog really 
sees a lot with his nose and the dog 
which would be continually distracted 


by alluring scents would not be a de- 


pendable and safe guide for a sight- 
less master. 

Trailing is the one line of work 
where there can be no insistence, no 
pushing forward on the lines. The 
master cannot know where the trail 
is and the dog follows it because he 
wants to or he does not work. For 
this reason, perhaps, we find trailing 
demanding more willingness than any 
other line of work. An energetic, 
non-lazy type of dog seems demanded 
for any line of, work if he is to give 
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satisfaction. All types of work show 
a mean for self-right, which indicates 
willingness to give the right of way, 
with the exception of police work. 
The greatest confidence is necessary 
for the blind leade: who must make 
the decision, often in heavy traffic, 
when her master cannot possibly 
know the right move nor the correct 
command to give. 

Sharpness, fight, and protection 
seem to be the right of the police dog. 
On the other hand the army com- 
munication dog is lowest in the minus 
class for these qualities for he must 
not give his message to a stranger 
nor announce his presence to passers- 
by whether they be friend or foe. 

For the various types of work, there- 
fore, the “intelligence,” “temperament’ 
or “Wesen” required may be sum- 
marized as follows: 


Low degree of 


Work High degree of 
Police Ear sensitivity (lack of) Intelligence (possible to use) 
Self-right Willingness (possible to use) 
Sharpness 
Fight 
Protection 
Trailing Nose Body sensitivity (possible to 
Intelligence use) 
Willingness Confidence (possible to use) 
Fight 
Blind guide Confidence. (Ear sensitivity Nose 
must be medium) 
Army communication Body sensitivity (lack of) Self-right 
Energy Sharpness 
Protection 
Companion The good looking, loveable dog that is willing to give his all 
and take what his master is in the mood of giving. 
Type of Work TABLE 1. Temperament 
Characteristics Biine Liaison Companion patterns of dogs which were 
. 2.36 1.53 2.75 2.33 2.49 the text. The standard de- 
Nose Use 1-81 - 2.97 1-00 = 8.35 - - S15 viation (c) measures the va- 
willt oe 2.41 1.82 2.26 2.19 2.35 range shown (+0) is the 
- - - 1.09 - 5.89 - 5.20 range within which two- 
— thirds of the individuals fall. 


Sharpness? +0.82 40.29 =-0.40 40.27 tien above below ideal 
- 41.66 - $1.54 191.80 - which is scored 1. 
behavior which is scored 1. 


MENTAL AND PHYSICAL TRAITS OF 
IDENTICAL TWINS REARED APART 
Case IX. Twins Harold and Holden 
H. H. NEwMAn 


University 


HIS report deals with a pair of 
| twin boys nineteen years old when 
examined. They had been sepa- 
rated in early infancy on account of 
the death of their mother. One was 
adopted by an aunt and the other by 
an uncle and they have lived in sepa- 
rate families since adoption. 

Harold, adopted by an uncle on his 
mother’s side, has lived in a village 
of about 600 population, 18 miles 
away from a university town in Wis- 
consin. His foster father was a 
mason by trade and lived until a few 
years ago. Harold attended kinder- 
garten and finished the grades in the 
village school which had one teacher 
for each two grades. Afterwards he 
finished the full high-school course in 
the township high school, a fairly 
large school that serves the needs of 
the whole community. There were 
four other children in Harold’s home, 
but they were all much older than he. 
One of the foster sisters is, however, 
a teacher, who may have influenced 
him favorably in his school work. He 
has always shown an interest in his 
companions and in group activities, 
having been captain of his school 
basketball team and a drummer in 
the school band. Harold was em- 
ployed in the neighboring town one 
summer and has worked in his village 
as a delivery boy since leaving high 
school. He has never been engaged 
in hard manual labor. 

Holden has lived with his aunt on 
an eighty-acre dairy farm only three 
miles away fom the village in which 
his twin brother was reared. Hence 
the separation between these twins 
has not been very complete at any 
time. Thev have always seen a good 


deal of each other, especially during 
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recent years when they both attended 
the same high school. Holden went 
through the rural school near the 
farm, a one-room school of about 30 
pupils conducted by a single teacher. 
and then finished the full course at 
the same township high school at- 
tended by Harold. He was gradu- 
ated one year ahead of the latter, not 
because he was brighter but because 
his school program was somewhat 
accelerated. Since his aunt had not 
been in very good health, it has been 
necessary for Holden to work on the 
farm ever since he was old enough 
to be useful. There were no other 
children in the family and he has been 
more or less the man of the house, 
taking some of a man’s résponsibili- 
ties. The necessity to do a good many 
hours’ work daily has interfered with 
his recreation time and has prevented 
him from participating in group ac- 
tivities to any great extent. At the 
present time he does not particularly 
enjoy company, but prefers such pur- 
suits as fishing and hunting, which 
are certainly not distinctively sociable 
in character. Occasionally he plays 
baseball with a group of boys on Sun- 
days. He likes dairy farming and 
intends to continue in this occupation 
as a life work, in contrast with Har- 
old, who would like to go to college 
if such a career could be financed. 
It should be emphasized that these 
twin boys have had a good deal more 
in common than have any previous 
separated twins thus far reported. 
Most of the soc‘al life of both has 
centered in the neighboring town and 
undoubtedly they have been rather 
closely associated in high school. In 
spite of the incompleteness of their 
separation, however, there have been 


PALM PRINTS OF HAROLD AND HOLDEN 
Figure 5 


The prints of all four hands are remarkably similar. The two right hands are more 
alike than either of the rights is like the corresponding left. No such close correspon- 
dence in palm print patterns has been reported in non-identical twins. The palm prints 
alone are fairly conclusive evidence that the twins are identical. Harold’s prints above, 
Holden's below. 


J 
>. 
| 


environmental differences of consid- 
erable significance, which have doubt- 
less left their mark. 


Evidences of Monozygotic Origin of 
the Twins 


As the photograph of the twins ( Fig- 
ure 6) shows, these boys have the degree 
of physical resemblance characteristic 
of mid-grade identical twins reared 
together. Holden, the farm boy, is a 
size larger in every way and notice- 
ably more robust. His features are 
somewhat coarser than those of Har- 
old. He is definitely stronger mus- 
cularly as shown by hand grip tests. 
The accompanying table gives their 
physical measurements (Table I). 
Both have blue-gray eyes of the same 
shade, and medium brown, straight 
hair of the same color and texture. 
Both have ears of the same shape and 
set, except that the lobe of Har- 
old’s left ear is a little larger than 
that of his own right ear or that of 
either of Holden’s ears. Their fea- 
tures and expressions are very similar. 
Both hair whorls are clockwise, but 
Harold's is a little to the left of the 
center while Holden’s is distinctly to 
the right of the center. This is an 
indication of slight asymmetry rever- 
sal. Holden is right-handed, while 
Harold is naturally left-handed, but 
has learned to write with his right 
hand. 

The fingerprint formulae are as fol- 
lows: 


Left 
1 2 3 4 

Harold................ W. Wr. Wdu. W. U. 
Holden................ V Wr. U. W. Wu. 

Right 

2 3 4 5 

Harold............... W. Wr. W. W. Wu. 
Holden................ . Wr. U. W. Wu. 
The formulae indicate a somewhat 


closer resemblance between Holden’s 
right and left hands, but in reality the 
right hands of the two boys are more 
nearly similar in pattern details than 
are Holden’s right and left hands. 
Thus digits IV and V of the two right 
hands are almost indistinguishable in 
appearance. The quantitative values 
of the finger patterns are as follows: 
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Left-hand Right-hand Total 
Harold............ 0 118 
Holden............ 62 60 122 


In total values the two twins are 
only 4 points apart. The two right 
hands have the same values, 60, and 
are more similar than is either right 
hand to own left hand. Harold has 
the higher value on the right hand, 
Holden on the left hand, another sug- 
gestion of mirror-imaging. 

The palm pattern formulae are as 
follows : 


Left-hand 
Harold: 7. 5”. 5° 3—t—Au. O. O. O. L. 
Holden: 7. 5”. 5° 3—t—Au O. O. O. L. 
Right-hand 
Harold: 7. 5”. 5° 4—t—Au. O. O. O. L. 
Holden: 7. 5”. 5° 4—t—Au O. O. O. L. 


All four hands are extremely similar, 
but the two right hands are more 
alike than either is like own left hand. 
I have seldom seen two pairs of 
palms so strikingly similar. They 
are so similar as to appear on casual 
examination to be identical. No such 
correspondences are to be found be- 
tween fraternal twins. The palm 
prints would, in this case, be suffi- 
cient of themselves to prove the 
monozygosity of these twins. 

The two boys are very similar in 
their bodily measurements and in 
other physical characteristics as_ is 
shown in Table I. There is a differ- 
ence of nearly 2 centimeters in height, 
Holden being the taller, but Harold 
is 2% pounds heavier. Holden has 
the larger head, though he has a 
lower I.Q. Most of Holden’s physical 
measurements are consistently slight- 
ly greater than those of Harold. In 
girth of neck and girth of chest and 
a few other features there is no dif- 
ference between them. Harold’s left 
forearm is considerably larger than 
his right, and he is naturally left- 
handed. He explains the small size 
of his right arm as the result of a 
fracture, but it seems more likely to 
me to be an accompaniment of left- 
handedness. 

Intelligence Tests 


1. Stanford Binet Mental Test.— 
Harold worked more quickly than 
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Holden and made a somewhat better 
score. Harold’s 1.Q. was 102, Holden's 
96, a difference of 6 points, only 
slightly larger than the average dif- 
ference of identical twins reared to- 
gether, which was 5.3 points. Har- 
old’s mental age was 16 years 3 
months, Holden’s 15 years 5 months, 
a difference of 10 months, which is 
also a little above the average differ- 
ence found in identical twins reared 
together. 

2. Thurstone Psychological Exami- 
nation.—On this difficult examination, 
designed for high-school graduates 
and college freshmen, Harold’s total 
score was 139, Holden’s 105, a differ- 
ence of 34 points, a fairly large and 
significant difference. The results 
give Harold a percentile rating of 48 
and Holden one of 29. Both are 
rated in the second quartile, but re- 
ceive a percentile ranking 19 per- 
centile points apart. As before, the 
test shows Harold somewhat more 
capable than Holden. 

3. Otis Self-administering Test.— 
On this test, Harold made a total 
score of 46 and Holden 41, with a 
mental age for Harold of 16 years 
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and for Holden of 15 years, 2 months, 
a difference of ten months, which 
agrees exactly with the difference 
found in the first test described. The 
difference is not great, but is in the 
same direction as the other two tests. 

4. Stanford Achievement Test— 
Harold’s total score was 113, and his 
age equivalent 17 years 6 months. 
Holden’s score was 108 and age 
equivalent 16 years 10 months. There 
was a difference of 5 points in score 
and 8 months in educational age. 
These differences are small, but in 
the same direction as all three pre- 
vious tests. 

The International Test was 
vertently omitted. 

Summary of Intelligence Tests.— 
There is no doubt that at the present 
time Harold is significantly superior 
mentally to Holden, which may seem 
somewhat anomalous in view of the 
fact that Holden finished high school a 
year ahead of Harold. On the other 
hand, it must not be forgotten that 
Harold’s school work is a year fresher 
in mind than that of Holden. I am 
inclined then to conclude that these 
twins differ only slightly in mental 


inad- 


TABLE lI. 


Weight 
Height standing 
Height sitting 
Girth of hips 
Width of head as 
mtn of chest 
Expansion. 


Girth 


Handedness 


Hair whorl... 


Physical Characteristics. 


Harold Holden 
135.5 lbs 133.25 Ibs. 
176.4 cm 178.2 cm. 
91.3 cm 92.4 cm. 
48.7 cm 50.5 cm. 
50.1 cm 50.0 cm. 
53.9 cm 54.9 cm. 
53.7 cm 54.9 cm. 
38.9 cm 40.0 cm 
89.6 cm 88.2 cm 
18.2 cm 18.6 cm 
14.6 cm 14.3 cm 
.2 76.9 cm 
83.0 cm 83.0 cm 
7.55 cm 7.4 cm 
90 97 
90 92 
33.2 cm. 33.2 cm 
69 cm 70.8 cm 
gray-blue same 
medium brown same shade 
straight and medium same 
coarse 
naturally right-handed 
left-handed 
Clockwise. slightly to Clockwise to right 


left of center 


side of center 


hy 
| 
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REARED APART BUT IN A SIMILAR ENVIRONMENT 
Figure 6 
Holden (left) and Harold were nineteen years old when these tests were made. 
They have lived only about three miles apart and have attended the same high school. 
While the tests showed some differences, the general picture was one of similarity 


rather than difference. 


Previous studies in this series have indicated that rather marked 


differences in environment are necessary before any significant changes are to be ex- 


pected in mental and temperamental development. 


Some mirror imaging in facial 


expression is to be noted. Thus Holden’s left eyelid and Harold's right droop somewhat. 


ability, differing only a little more 
than if they had been brought up to- 
gether. Hence there has been no 
very significant effect of the differ- 
ences in their environment upon their 
mental status. 

Temperament-Emotional Tests 

5. Downey Will-Temperament Test. 
On this test there are some differ- 
ences in details, but a rather close 
correspondence on the whole. The 
only large difference is in “freedom 
from load,” in which Holden scored 
the maximum of 10 and Harold 
scored only 6. Holden also scored a 
little higher on “finality of judgment.” 
Harold scored slightly higher on 
“speed of decision” and “resistance to 
opposition.” The items are shown in 
Figure 7. 

The total scores are very similar, 


Harold’s 50 and Holden’s 53. Also 
the two profiles are more nearly 
similar than those of any of our 
separated pairs. It is obvious that 
the similarities of temperament here 
shown are more striking and signifi- 
cant than are the diffezences, which 
are not extreme in a single item. 

6. Pressy X-O Test.—On this test 
the results seem to indicate a some- 
what greater difference. Holden 
marked more items, indicating con- 
siderably greater emotionality, but 
this is more or less negatived by the 
behavior and expressions of the two 
boys, Holden giving the impression 
of greater stolidity. The total emo- 
tionality score of Holden was 221 to 
Harold’s 154. 

An analysis of this test in terms of 
types of reaction indicated by re- 
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sponses is as follows for Tests I 
and IV: 
TEST I 
Harold Holden 
Disgust 12 17 
Fear 11 14 
Sex 10 
Self-feeling 6 15 
TEST II 
Suspicious (paranoid) 8 6 
Jumpy (neurotic) 3 6 
Self-conscious (shut-in) 6 5 
Melancholic 5 8 
Hyperchondriacal 6 9 
Total 63 90 


On the basis of such an analysis it 
appears that Harold is considerably 
more normal than Holden. This may 
be a reflection on the latter’s greater 
sophistication, which is also obvious 
in his general behavior. Dr. Free- 
man considers that these tests indi- 
cate a fairly marked difference in 
temperament, but that the analysis 
of the real significance of this differ- 
ence will require a much more de- 
tailed study than has yet been made. 

7. Kent-Rosanoff Association Test. 
—On this test the number of identical 
responses was 19, whose mean fre- 
quency was 311, indicating marked 
normality. In the non-identical re- 
sponses there was a greater deviation 
from the normal in both boys, Har- 
old’s averaging 122.5 and Holden’s 
112.5, indicating again a_ slightly 
greater normality in Harold. Holden 
gave 13 responses not in the fre- 
quency table and Harold only one 
such response, further indicating that 
Harold is somewhat more normal in 
his responses. More important than 
the minor differences between these 
boys is the marked similarity between 
them brought out by this test for 
both boys give responses of a very 
normal sort. Neither is at all peculiar 
in temperament; quite the contrary. 

8. Woodworth-Mathews Personal 
Data Sheet—On this test both boys* 
gave few unfavorable responses, but 
Harold gave 12 to Holden’s 8, which, 
if significant, rates Holden a little 
more normal. In previous tests Har- 
old seemed somewhat more normal 
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Designation of Trait 


Cf Movement 


I. Coordination of Impulees 
1 ° f impulses | 


WILL TEMPERAMENT PROFILES 
Figure 7 

In eight out of the twelve tests the 

twins were either identical or very much 

alike. In only three were there marked 

differences. The total scores differ by 

only three points, indicating considerable 
temperamental similarity. 


and this test tends to minimize the 
significance of the differences pre. 
viously indicated. 

Summary of Temperament-E motional 
Tests—There is no question about the 
existence of some real differences 
between these boys in their tempera- 
ment-emotional reactions. It is clear, 
for example, that Harold is more so- 
cial and enjoys group activities more 
than Holden. This, however, is a 
natural consequence of the fact that 
for a number of years Holden has 
been required to work on the farm 
out of school hours and has had little 
time for social or group activities. 
Harold is obviously somewhat more 
sophisticated with regard to matters 
pertaining to social contacts, which 
is also a natural consequence of his 
freer life. 

The tests, while not giving any 
clear evidence of marked emotional 
differences, do reflect to a certain ex- 
tent those differences in temperament 
that are obvious in their overt be- 
havior. Both boys are described by 
their examiners and by their teachers 
as distinctly normal and average 
types, in no way peculiar as to per- 
sonality traits. On the whole we 
must conclude that only slight dif- 
ferences in the temperamental-emo- 
tional traits of these boys are indi- 


2. Freedom from Load | 
4. Speed of Decision 
Motor impulsion | 
os 
i nelity of Juagnent 
%. Motor Inhibition sx i 1 
10. Interest in Deteil 
12. Volitional Persererance | | 
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cated by the tests and by observation, 
and that what differences do exist are 
the almost mechanical effects of their 
social contacts. 


Conclusion 


These 19 year old twins, while 
reared from early infancy in different 
homes, have not been very markedly 
separated, living only three miles 
apart and attending the same high 
school. The contrast between farm 
life and village life is less striking 
than contrasts in environment found 
in most of the previous cases. Hold- 
en’s activity in farm work is more 
or less balanced by Harold’s athletic 
activities, for, apart from the slightly 
more robust build of Holden, the two 
both are in equally good physical con- 
dition, both appearing unusually 
healthy. Their educational careers 
were equal in amount and not very 
different in quality. On the whole 
then it must be concluded that the 
environments of these boys were not 
greatly in contrast. In previous stud- 
ies in this series it was found that 
definite responses to environmental 
differences were found only in cases 
where there was a very definite and 
pronounced difference in environment. 
In this case, where there was no pro- 
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nounced difference in any feature of 
the environment, there were no pro- 
nounced differences in any of the 
three classes of traits, physical, men- 
tal, and temperament-emotional ; on the 
contrary our general impression as to 
their similarities outweighs that as to 
their differences. 

For some time the writer has had 
in mind concluding these studies of 
identical twins reared apart when and 
if a total of ten cases had been 
reached. This is the tenth case, if 
Muller’s case be included. Collecting 
these cases is arduous and expensive 
work, but it seems a pity not to fol- 
low up additional cases that have 
come to our attention. An expression 
of opinion as to whether the interest 
in these cases is such as to warrant 
a continuation of this program would 
be welcomed. We have information 
about three or more cases of sepa- 
rated twins that have not as yet been 
studied. To what extent would it be 
of value to accumulate three, five, or 
even ten more cases? My impression 
at the present time is that these ten 
cases are representative and that fur- 
ther cases would average about the 
same as those already reported. This 
impression may or may not be cor- 
rect. 


Note: Since this article was sent to press considerably over a year ago, we have com- 


pleted the study of ten more cases of identical twins reared apart. 


An intensive study of the 


whole twenty cases is now in progress and many interesting and significant facts are coming 


to light. 


The whole study will appear in book form—TuHe AvuTHor. 


The Borderlands of Science 


THE LIMITATIONS OF SCIENCE, by 
. W. N. Suttivan. The Viking Press, 
New York, 1933. 
Y science the author means present 
scientific knowledge and modern 
scientific theories and in exposing the 
limitations of those he presents a bright 
and impressive view of the scientific 
progress of the last few hundred years 
undarkened yet by shadow of turning. 
To accomplish a discussion of astro- 
nomy, physics, chemistry, biology, psy- 
chology and the general philosophy of 
science in a book of 300 pages he 


adopts what might be termed a scenario 
style. The accomplishments of the 
great from Thales of Miletus to Ein- 
stein; the significant features of Coper- 
nican astronomy, Newtonian philoso- 
phy, Riemannian geometry, Darwinian 
theory and behavioristic absurdity pass 
in array before the reader deftly inte- 
grated at points of contact. One catches 
the new sequence without mental jolt. 

The difficulty which modern astron- 
omers have in accounting even specious- 
ly for the beginning of a universe de- 
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scribed now as expanding and running 
down, is presented as a primary scien- 
tific limitation. And even when they 
come down to earth the great minds that 
dwell on cosmic things cerebrate with 
no unanimity upon the question of the 
reason for the position of the terres- 
trial land masses. The ways in which 
the elusive electron mystifies the phys- 
cists and chemists are touched upon 
with some show of vicarious pride. Biol- 
ogists are described as having a world 
so full of a number of things that the 
author feels they should have made 
happier theories about it than natural 
selection and Mendelism. The author 
tempers this wind of criticism for biol- 
ogists by finally including them in the 
fold of science. He leaves the psy- 
chologists outside, presumably to be- 
havioristic bleatings and morbid Freu- 
dian thoughts. 

Biology is criticisea on two counts: 
because it lacks practical importance 
and because it is “of no great conse- 
quence theoretically.” A massacre of 
chemists, the author claims would de- 
stroy civilization, while the taking off 
of all biologists would only be unfor- 
tunate. Noting the author’s satisfac- 
tion with Eddington’s suggestion that 
the universe may finally turn out to be 
irrational, and Jeans’ pious hint that 
it is a thought in the mind of a supreme 
mathematical thinker one would expect 
the author to consider biological theo- 
ries relatively unspirited. 


of Heredity 


A good discussion is presented of the 
values of science. The utilitarian as- 
pects are given their meed of praise 
but the author is more impressed with 
the things which appeal to the pure 
scientist: satisfaction of intellectual 
curiosity and aestheticism. He com- 
pares mathematics to music, citing Kep- 
ler’s delight upon noting the harmony 
of his computations and astronomical 
observation. Accepted scientific theo- 
ries, similarly, are compared to great 
works of art. Most expositors fail to 
comment upon this aspect of science 
and most scientific workers, it seems to 
the reviewer, are but subconsciously 
aware of it. 

The author comments with some hint 
of satisfaction upon the inadequacy of 
mechanism and remarks that, “Perhaps 
the most important new concept that 
has emerged out of the rich and fas- 
cinating quantum theory is the Prin- 
ciple of Indeterminacy.” Psychologists 
might be cruel enough to suggest here 
that a layman’s complacency, in the 
face of the difficulties which modern 
scientists are handling in not too as- 
sured a manner, could very well be 
prompted by egotism. The reviewer 
considers the book an excellent one of 
its type even if the author is appre- 
ciably more at home in the physical 
than in the life sciences. 


R. R. Huestis. 
University of Oregon. 


Italian Statistics 


COMPENDIO STATISTICO ITAL- 
IANO, 1932-XI. Pp. 334. Pub. by 
the Istituto Centrale di Statistica 
del Regno d'Italia, Rome. 


HIS extremely compact and in- 
formative litt'e book is issued pri- 
marily for the use of schools, and of 
the ten million Italians resident out- 


side of the kingdom whose allegiance 
the government is anxious to retain. 
It begins with the astronomical posi- 
tion of Italy and ends with a consid- 
eration of infant mortality. In be- 
tween, authoritative figures, clearly 
presented, are to be found in answer 
to almost any question one can 
ask. Paut Porenoe. 
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ALBINOTIC DILUTION OF COLOR IN 
CATTLE 


L. J. Cote, E. E. Van Lone and Ivar Jonansson* 


OMPLETE albinism is not 
( known with certainty in any 

of the domesticated mammals 
except among the rodents (rabbit, 
rat, mouse), but grades of color dilu- 
tion, comparable genetically to certain 
stages of the albino series of multiple 
allelomorphs in rodents, are described 
in cats,® dogs™7* and_ horses". 
Levine® has published a short note 
on an entirely white water buffalo 
calf from colored parents and states 
that on the island of Hainan in South- 
ern China about thirty per cent of 
the animals are of this color. Ap- 
parently, however, this calf can not 
be considered as a true albino, since 
the eyes were normally pigmented. 
Albinism would be expected to affect 
the intensity of pigmentation of all 
parts of the body, i. e., even the eye. 
Pearson, Nettleship and Usher’ have, 
however, published a picture of a 
buffalo calf which apparently had 
very little if any pigment in the eyes. 
The calf is referred to as an albino 
and may be of the type discussed in 
this paper. 

Cases of supposed albinism in cattle 
are also mentioned in the literature. 
In a paper by Barrington and Pear- 
son! on color inheritance in cattle the 
following footnote is found: “A herd 
of true albino white cattle (whole 
white and pink eyes) has been re- 
ported to us as existing in Sweden, 
but we have not succeeded in locat- 
ing it.” As far as the present writers 
are aware this herd has never since 
been located, and it therefore prob- 
ably did not exist. Keller* has pub- 
lished a picture of an “albino” calf 
from normally pigmented parents of 
the Brown Swiss breed. The hair 
was pure white and the eyes were said 


to be entirely lacking in pigment. 
The calf may, however, have devel- 
oped some pigment later on. 

Kroon and Plank® describe a case 
of albinism in cattle. In 1926 an 
albino heifer calf from a normal cow 
and unknown sire was brought to 
the Animal Breeding Institute, Ut- 
recht, Holland. The calf, a heifer, is 
described as having “weissen Haut 
und Haaren, hellblauer (unpigmen- 
tierter) Iris und einer roten Pupille.”+ 
In sunlight the calf showed pro- 
nounced photophobia. She developed 
well and was served two years in 
succession by a white bull (not al- 
bino, breed not stated). The results 
of these matings were two blue-gray 
bull calves with white markings. The 
albino cow was then mated to her 
first son and produced from this mat- 
ing an albino heifer calf. The breed- 
ing experiment was being continued, 
but on the basis of the results al- 
ready obtained the conclusion is 
drawn that the albinism was caused 
by a gene which behaves as a reces- 
sive allelomorph to the gene for nor- 
mal pigmentation. 

It is not possible to decide from 
the brief report whether Kroon and 
Plank have found a case of complete 
albinism in cattle, or whether it is 
only partial. No microscopic exam- 
ination was made of the eyes of the 
supposed albinos, and a study of the 
hair of albinos and normal white 
animals gave no decisive result. Since 
it is said in the report that the iris 
of the first albino animal was light 
blue it is probable that it carried 
some pigment and that the animal 
was not a complete albino. 

Detlefsen? has reported on a herd 
of albino cattle owned by Mr. Martin 


*Papers from the Department of Genetics, Agricultural Experiment Station, University 
of Wisconsin, No. 159. Published with the approval of the Director of the Station. 


tWhite skin and hair, light blue (unpigmented) iris, and a red pupil. 
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Kaslow of Mora, Minnesota. The 
foundation of the herd consisted of 
two albinos, a bull and a heifer, from 
a reputed purebred, though unregis- 
tered, Holstein bull mated with grade 
Holstein cows. With these two ani- 
mals as a nucleus the owner was 
successful in perpetuating the line 
until an entire herd was secured. 

According to the information ob- 
tained by Detlefsen, the original 
purebred bull (later referred to in 
this paper as “Duke”) was mated to 
about twenty unrelated grade cows. 
Two albinotic animals appeared 
(“Jack” and “Jill,” at extreme left 
and right, respectively, in Figure 84), 
the rest being of normal color. The 
condition seemed therefore at first 
to be that of a simple Mendelian re- 
cessive resulting from the chance 
mating of heterozygotes. If the own- 
er’s recollection is accepted, however, 
subsequent matings failed to substan- 
tiate this hypothesis, for when a 
young albino bull was mated back to 
the grade Holstein cows all of the 
offspring (about twenty) were albinos. 
Furthermore, four albino females 
produced three albinos and one nor- 
mal when mated to a purebred Hol- 
stein bull. This was rather anomal- 
ous, for what had originally appeared 
to be a simple recessive now seemed 
to be behaving more like a dominant. 
It should be pointed out, however, 
that the breeding records of the herd 
had been destroyed by fire, and what 
is supposed to be known about the 
breeding of the animals is based 
entirely upon the memory of the 
owner. Matings of albinos inter se 
were said to produce only the ex- 
pected albinos. 

In 1928 it was reported to the De- 
partment of Genetics of this Univer- 
sity that albinos had appeared in the 
herd of Mr. H. W. Rohrer, Rock Elm, 
Wisconsin. The senior author visited 
Mr. Rohrer’s farm, where four al- 
binos were found, a year-and-a-half- 
old heifer (Figure 8C) and three calves. 
All these animals were from different 
grade Holstein cows, and the sire 
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was a grade Holstein bull. About 
three years earlier an albino bull had 
been dropped in this same herd. These 
five constitute all of the albinos 
raised. They were all sired by the 
same bull, and all were from cows 
purchased from a_ breeder nearby. 
So far as is known the sire and 
dams were not closely related, but 
accurate breeding records are not 
kept in grade herds, so it is impossible 
to establish definitely the relationships. 

During the same trip Mr. Kaslow’s 
herd at Mora, Minnesota, was visited 
also, and an attempt was made to 
trace the ancestry of both the Min- 
nesota and Wisconsin albino herds. 
The rather inconclusive results will 
be dicussed later. Mr. Kaslow had 
in June, 1928, nine albino cows in his 
herd (Figure 84) and a young bull. 
He confirmed the breeding results 
reported by Detlefsen but stated that 
the albino calves from the albino bull 
and colored cows were “not as good 
as the ones from albino cows.” The 
albino animals in both herds appeared 
on first inspection to be pure white 
with respect to coat color. The iris 
of the eye was of a grayish color and 
the pupil pink. When the animals 
are exposed to sunlight small dark 
spots develop on the ears and eyelids, 
at the upper border of the muzzle and 
on the vulva. When they are ex- 
posed to strong sunlight they show 
distinct photophobia and keep their 
eyes nearly closed (Figure 8B). The 
degree of pigmentation (dark spot- 
ting) seemed to be somewhat less 
in the Kaslow than in the Rohrer 
herd. 

Because of the peculiar results re- 
ported by Detlefsen, a pair of year- 
ling albinos was purchased from Mr. 
Rohrer in July, 1928, in order to test 
their breeding behavior. It would 


have been desirable to mate together 
albinos from the two herds in order 
to test the identity of the genes con- 
cerned but unfortunately Mr. Kaslow 
was unwilling to dispose of any of 
his animals unless he could sell the 
entire herd. 
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ALBINO CATTLE 
Figure 8 

A—Early albinos from the Kaslow herd, 
about 1917. Albove at the left is “Jack” and 
at the extreme right “Jill,”- the first two al- 
bino cattle to appear in this herd. Jack was 
a half brother of Jill and from them a herd 
of albino cattle was built up. About ten 
years later albino cattle appeared in the herd 
of H. W. Rohrer at Rock Elm, Wisconsin. 
One of the cows is shown above (B). Al- 
though the light was not very strong at the 
time the photograph was taken, note that the 
eyes are nearly closed. A heifer from this 
herd is shown at C. The differences in 
shade are caused by the lighting and dis- 
coloration and are not due to a pattern. 


Description of the Experimental 
Animals 


When the bull and heifer arrived 
at the station they appeared to be 
true albinos with the exception of 
the eyes, which showed an appre- 
ciable amount of pigment in the iris, 
whereas the pupil appeared pink. 
From a distance and under certain 
conditions of light the whole eye 
might appear pink due to the reflec- 
tion of the pupil but upon close in- 
spection the pigmentation of the iris 
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was quite apparent. The skin and 
hair did not show any pigment. As 
the animals aged the pigment in the 
iris became more intense, and a very 
faint trace of color appeared at cer- 
tain regions of the coat, producing 
what we have termed a “ghost-pat- 
tern.” Regions which appeared clear- 
ly white in the albinos corresponded 
to those areas in which white com- 
monly occurs in the Holstein, while 
the areas which would normally be 


black in the Holstein were of a 
very faint cream color in the al- 
binos. The line of demarcation was 


not always distinct and usually the 
proper conditions of light were re- 
quired to bring out this difference 
in color. it was also difficult in 
some cases to distinguish between 
the natural differences in color and 
bedding stains. The “ghost-pattern” 
was much more pronounced and was 
manifest much earlier in the bull 
82A, (Figure 9) than in the cow 
(Figure 104A and B). Increase in pig- 
mentation of the eyes of human al- 
binos with increasing age of the in- 
dividual is reported by Pearson, Net- 
tleship and Usher and age darkening 
of coat color in cattle is of common 
occurrence in some breeds. While 
it is hazardous to draw conclusions 
from only the two _ individuals, it 
seems likely that a sex difference 
exists both in the degree of intensity 
and in the time of appearance of pig- 
mentation. In many colored breeds 
of cattle, e. g., Ayrshire and Red 
Danish, the pigmentation in the bulls 
is, on the average, decidedly darker 
than in the cows. Staffe® found in F, 
calves from a cross between Brown 
Swiss and Maas-ljssel-Rein, where 
there is a change of color from fawn 
to black during the first months of 
life, that this change occurs consider- 
ably earlier in bulls than in heifers. 
A difference in intensity and time of 
appearance of pigment between male 
and female calves is, therefore, known 
to occur in other cases. 

The “ghost-pattern” was not rec- 
ognized in the animals of either herd 
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ALBINISM NOT COMPLETE 
Figure 9 
Photographs of both sides of bull 82A showing the “ghost pattern” which develops 
after maturity in these animals, being more clearly marked in males than in the fe- 
males. The pattern is particularly noticeable on the flank and on the left side. There 
is also a band of white back of the shoulder. The pattern shows rather more clearly 


in these photographs than in the actual animals except under the most favorable 
conditions. 
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when they were first visited in June 
1928. Mr. Kaslow stated, however, 
that “when the coat is slick, and 
especially when warm, the Holstein 
markings appear as a difference in 
gloss—one part looks frosted, the 
other bright,” indicating that such 
pattern was visible under certain con- 
ditions. At the time of the first visit 
the Rohrer animals were not in good 
condition for observing possible mark- 
ings and the Kaslow cattle were seen 
only in rather unfavorable light. A 
return visit was made to both herds 
the following summer for closer 
examination and the fact was brought 
out that the “ghost-pattern” was dis- 
tinguishable in some degree on all 
adult animals. Detlefsen apparently 
did not observe the presence either 
of pigment in the eye or of “ghost- 
pattern,” but, as has been pointed out 
before, both the pigmentation of the 
iris and the pattern may easily be 
overlooked especially in younger ani- 
mals. 

An entirely different kind of 
“ghost-pattern” in cattle is described 
by Kronacher and Lodemann.* This is 
a case of a six-year-old black and 
white Holstein cow whose coat lost 
its pigmentation at the time of shed- 
ding. The ancestors of the cow for 
several generations back were black 
and white. The depigmentation is at- 
tributed to physiological disturbances 
in the regeneration of epidermis and 
hair and probably has no genetic 
basis. 


Breeding Experiments with the 
“Albino” Cattle* 


The two albinos, 81A@ (Figure 
10A and B) and 8248 (Figure 9), 
bought from Mr. Rohrer, were mated 
together and produced a bull calf, 
102A. This calf had very faint traces 
of pigment in the iris of the eye, 
which, however, became more pro- 
nounced as it grew older. It was 
slaughtered at 19 months of age, and 


at that time some regions of the coat 
seemed, under proper conditions of 
light, to be slightly lighter than oth- 
ers, although there was no distinct 
“ghost-pattern” as in the adults. Hair 
samples taken from the suspected 
white and the pale cream areas 
showed an absence of pigment gran- 
ules in the former and the presence 
of a very few scattered granules in 
the latter areas. At this age the bull 
was apparently just beginning to 
show the development of pigment, 
and undoubtedly the “ghost-pattern” 
would have appeared in a short time. 
Figure 10C shows the bull 102A at 19 
months of age. 

The albino bull, 82A, was mated 
with one black and white cow, and one 
red and white cow, 83A and 59C, both 
these cows being F2 segregates from 
a Holstein-Angus cross (see diagram 
of mating, Figure 13). The first mat- 
ings produced a black and white heifer, 
110A (Figure 10£) and the second a 
black and white bull calf, 111A. The 
young bull 102A was also mated to the 
red and white cow 83A and produced a 
black and white heifer calf, 119A, 
with about the same extension of 
pigment as the calf 111A. The al- 
bino cow 81A mated to a roan Short- 
horn bull produced a black bull calf 
with white markings, 109A (Figure 
10H). 

The matings to animals of red 
color served to determine whether 
the albinos carried the factor for 
black or for red pigment. Under the 
microscope the pigment granules in 
hairs from the creamy areas appeared 
black and the -results of all these 
matings are in agreement with ex- 
pectation on the assumption that the 
albino cattle carried a dominant fac- 
tor for black pigment and a recessive 
factor for albinotic dilution of pig- 
ment. The latter factor had probably 
been produced by a _ mutational 
change of the gene for normal pig- 
mentation, and available information 


*Brief mention of this experiment, together with pictures of the original animals, 


has been made in the Annual Reports of the Wisconsin Station. 


BREEDING PROVES THAT THE 'ALBINOS CARRY BLACK SPOTTING | 
Figure 10 

A—Albino cow 81A, a half sister of the bull 82A (Figure 9). The “ghost pattern” is 
less evident in the female and cannot be seen in this picture. It is outlined in ink in the 
photograph below (B). C—Albino bull 102A. His sire is 82A (Figure 9) and 81A (above) 
is his dam. At the age of 19 months the spotting pattern could hardly be detected. D— 
Black and white cow (59C) from the second generation of cross of Holstein with Angus. 
Mated to the albino bull 82A, she produced the black and white calf (110A) shown at EF 
The pigmented area on this calf is even more extensive than in the sire. F—Red and white 
cow (83A) from second generation of a Holstein & Angus cross. Mated to 82A she produced 
the black and white calf shown at G. This calf proves that the fundamental color of the 
“albino” bull 82A is black because black must have been transmitted from the sire since the 
dam is red. Further proof of this is available in the black and white calf (109A) shown at 
H of the albino cow 81A mated to a red shorthorn bull. See ped’gree chart, Figure 13. 
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indicates that -it probably originated 
in purebred Holstein cattle. The 
cases of albino cattle described by 
Keller® and by Kroon and Plank® are 
probably of the same type of partial 
albinism as our albino Holsteins. If, 
however, theirs were complete al- 
binos we should presumably have a 
case of a multiple allelomorphic series 
involving the factors for full pigmen- 
tation, C, extreme dilution, cd, and 
complete albinism, c. 

The pigmentation of the offspring 
from albino sires and the cows 59C 
and 83A is somewhat more extended 
than would be expected, considering 
the fact that the two cows are re- 
cessive F, “Holstein pattern” segre- 
gates from the Holstein XK Angus 
cross. On the bull 102A no distinct 
areas of white spotting could be 
seen, but his sire, 82A, had white 
legs, was white in the forehead and 
had white areas extending from the 
flanks up on the rump behind the 
hips. Calf 110A, and more especially 
calf 111A, had considerably more ex- 
tended pattern than either sire or 
dam, 111A being decidedly atypical as 
a Holstein, with both front legs 
wholly black and the hind legs black 
to the middle of metatarsus. The ex- 
tension of pigment is probably deter- 
mined partly by modifiers, working 
in the presence of a pattern factor, 
and partly by non-genetic causes. The 
results of the matings of albinos to 
animals with normal pigmentation 
suggest that several pairs of genes 
(modifiers) may be responsible for 
the degree of pigment extension, be- 
ing, in some cases, to some extent 
complementary and causing trans- 
gression beyond the parental types. 

The mating of the albino female 
to the roan Shorthorn bull offered 
two possible types of offspring, either 
a black and white or a blue roan and 
white. The only calf from this cross 
was black and white. 

While our experiments can not be 
taken as conclusive proof, we believe 
they indicate strongly that the albin- 
ism as expressed in our animals is 
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a simple recessive allelomorph of the 
gene for a full degree of pigmenta- 
tion. Whether the Kaslow albinos 
are the same or represent an even 
lower step in the allelomorphic series 
can not be decided without breeding 
tests in which they are included. 


Pigment in Hair and Eyes 


Microscopic examinations have been 
made of hairs from the white and 
the slightly pigmented areas of the 
bull 82A, and also of hairs from 
different parts of the body of the 
bull 102A, which did not show “ghost- 
pattern” at the time of slaughter. 
Hairs from the pale-pigmented re- 
gions show a varying amount of 
dark pigment scattered through the 
cortex (Figure 114). The medulla in 
these hairs appears small and dis- 
continuous. The cortex of hairs 
from the white areas is completely 
devoid of pigment granules, while the 
medulla is Jarge and _ continuous, 
which tends to accentuate the white- 
ness of the hair (Figure 11B). At cer- 
tain seasons there could be discerned 
a subtle difference in the appearance 
of the “ghost-pattern” and “white” 
areas, which seemed to be independ- 
ent of the pigmentation, and affected 
the gloss or sheen of the coat. It 
may have been due to a different 
average hair length, to differential 
shedding, or possibly was associated 
with the difference in structure as 
indicated by the difference in develop- 
ment of the medulla in hair from the 
two areas. 

Figure 11C shows an eye of the 
bull 102A, cleared and photographed 
by transmitted light. The retina is 
apparently unpigmented and the pu- 
pil is, therefore, pink in the living ani- 
mal. There is, however, some pig- 
ment in the iris, which gives this 
part of the eye a grayish color. 

Sections were made of the eyes of 
the bulls 82A and 102A and compared 
with sections of an eye of a normally 
pigmented animal. Owing to poor 


fixation it was impossible to obtain 
histological 


good sections of the 
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PIGMENTED HAIR AND EYE OF ALBINO BULL 
Figure 11 

Above are shown two portions of hairs from bull 82A. The hair at the top of the illus- 
traticn is from the creamy area of the ghost pattern (Figure 9). The hair below is from 
the white area. The difference between the hairs is striking. That from the white area has 
no pigment in cortex or medulla, while the other shows particles of black pigment in the 
cortex of the hair. 

Below is shown an eye of bull 102A. a son of bull 82A by an albino cow. The eye has 
been cleared and photographed by transmitted light. The retina is free of pigment but the 
iris is partially pigmented. 


é 

> 

4 

‘ 


Cole et al: Inheritance of Albinism in Cattle 


choroid and retina. No pigment was 
found in the retina of the albinotic 
animals, and in the iris and ciliary 
body the amount of pigment was 
very much reduced as compared to 
normally pigmented animals. This is 
shown in the microphotographs, Fig- 
ure 12, which represent the albino 
and the normal respectively, that above 
is from the older bull, 82A. The 
iris of the younger bull, 102A, 
showed considerably less pigment, as 
did the coat. As already stated, this 
difference may be due to the younger 
age of 102A. The albino cattle seem, 
with respect to eye color, to be com- 
parable to human albinos described 
by Pearson, Nettleship and Usher. 
These authors maintain that albinism 
in man can not be considered as a 
single genetic character since the de- 
gree of pigment dilution is subject to 
much variation in different individ- 
uals. 


Milk Production and Vitality of the 
“Albino” Cattle 


Detlefsen? states that the animals 
in Mr. Kaslow’s albino herd were 
extremely sensitive to light. When 
on pasture in the summer they 
“grazed in a listless manner during 
the day-time with their eyes partly 
closed and their pupils contracted. 
In the evening, the vision was appar- 
ently normal, and the albinos showed 
much more animation.” This state- 
ment is in agreement with our ob- 
servations. 

The albino cow 81A was, in regard 
to conformation, of the Holstein type 
although not very well developed, 
probably due to scant feeding as a 
heifer. She has a complete milk rec- 
ord only for the first lactation; 69 
days after the second calving she was 
sold, due to lack of room in the 
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Genetics barn. During these 69 days 
she produced, however, 3110 Ibs. of 
milk with 3.27 per cent of butterfat. 
Her production in the first lactation 
period, 341 days, is given below in 
comparison with the average record 
in the corresponding lactation of five 
“purebred” unregistered (extracted 
recessive) red and white Holstein 
cows used in a crossbreeding experi- 
ment and kept under the same en- 
vironmental conditions.* 

The milk yield of the albino cow is 
somewhat higher than the average 
for the Holstein cows of the herd, 
and there is no indication, therefore, 
that the pigment dilution had any 


unfavorable influence on the milk 
production. This is also in agree- 
ment with Detlefsen’s observations. 


The breeding behavior of the cow 
was normal. Her first calf, the al- 
bino bull 102A, weighed at birth 82 
Ibs., and the second calf, 109A, sired 
by a roan Shorthorn bull of beef 
type, weighed 110 Ibs. The average 
birth weight of six male calves, born 
in the crossbreeding herd from Hol- 
stein dams and sired by Aberdeen 
Angus bulls, was 85 Ibs. 

The albino bull 82A was a very 
poor breeder, being as a rule very 
slow in serving the cows. He was 
of Holstein type and fairly well de- 
veloped. His son, the albino bull 
102A, was rather poor in type and 
was used in only one mating. Ex- 
cept for 82A being a poor breeder, 
and the photophobia in strong sun- 
light referred to before, there was 
no indication that the albino animals 
had lower vitality than those nor- 
mally pigmented. 


Origin of the Albino Character 


It would be of much interest to 
know where, in the ancestry of these 


* Milk Yield of Albino Cow 81A. 


Yield of ftat-cor- 


rected milk (4%) 

Yield, first lactation in the first 180 

Milk Butterfat days after calving. 
Ibs. percent Ibs. Ibs. 
9165 3.50 320 5834 
5 Holstein cows, average.................... 8387 3.55 298 5093 
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REDUCED PIGMENTATION OF ALBINO EYE 
Figure 12 


Microphotographs of the ciliary region of the iris of albino bull 82A and of a 
normal bull (below). It is obvious that the albino eye contains much less pigment than 
the normal although some is present. The pupils of the eyes of these cattle appear 
pink in the living animal but there is enough pigment in the iris to produce a grey color. 
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cattle, the mutation to albino first oc- 
curred and whether it had a common 
origin of the two lines or arose inde- 
pendently. It is very difficult to trace 
mutations back to their origin, however, 
especially when they are recessive, and 
particularly when, as in this case, the 
records are far from complete. The 
Kasiow herd is supposed to trace 
back largely to purebred, though un- 
registered, Holstein-Friesians, and the 
Rohrer herd is also grade Holstein, 
with purebred bulls only a generation 
or two back. The first Kaslow al- 
binos, “Jack” and “Jill” were, as al- 
ready stated, from grade cows and 
sired by “Duke.” “Duke” is reported 
to have been from purebred parents. 
Later albinos are said to have been 
produced from albino animals bred 
to both purebreds and grades not 
known to be related to the original 
stock. In the Rohrer herd also al- 
binos were produced in some cases 
from animals not known to be re- 
lated to each other, but others came 
from rather close inbreeding. 

The fact that both lines of albinos 
occurred in Holstein stock and that 
the locations of the Kaslow and 
Rohrer farms are less than a hundred 
miles apart raised the possibility that 
they might have blood lines in com- 
mon. This appeared even more plau- 
sible when it was learned that the 
Kaslow herd originated in the neigh- 
borhood of Medford in southern Min- 
nesota, which, although across the 
Mississippi River, is only about half 
as far from Rock Elm, Wisconsin, 
where the Rohrer herd is located. 
Furthermore, some of the founda- 
tion animals in the two herds came 
respectively from Zumbrata, Minne- 
sota, and from near Maiden Rock, 
Wisconsin, which are only twenty- 
five or thirty miles apart. Exchange 
of stock within this range is rather 
to be expected. Considerable effort 
was made to identify the registered 
purebred individuals from which the 
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MATING OF ALBINOS 
Figure 13 

Most of the animals appearing on the pedi- 
gree are shown in Figures 8, 9 and 10. The 
three instances in which black and white 
calves have appeared as the progeny of the 
mating of an albino and a red _ individual 
demonstrate that the albinos carry a gene 
for black and white spotting, but which 
“shows through” as the ghost pattern visible 
in some of the animals. 


two herds were sprung but without 
success. We can only conclude, 
therefore, that it is fairly reasonable 
to assume that the albino mutation 
was probably being carried by a con- 
siderable number of purebred, and 
from them by grade, Holstein cattle 
in this general region of southern 
Minnesota and western Wisconsin. 
We have no way of knowing how 
frequently albino calves may have 
occurred and not been reported, but 
the mutant character has been con- 
centrated and maintained by the in- 
terest of these two breeders. Mr. 
Kaslow has not sold any of his stock 


for breeding purposes, so in_ his 
neighborhood the mutation is not 
being spread from his herd. Mr. 


Rohrer, on the other hand, sold to 
one of his neighbors an albino bull, 
which was being used to serve cows 
in that locality. It will not be sur- 
prising, therefore, if albino calves 
continue to crop out there for some 
time.* 

Another fact which may serve as 
circumstantial evidence in indicating 


*In July, 1933, it was learned that the Rohrer herd had been disposed of and no albinos 


could be located in the neighborhood. 
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a connection between the two herds is 
that polled individuals occurred in 
both. The records were not complete 
enough, however, to trace the in- 
heritance of the polled character. 


Summary 


The “albino” cattle described in 
this paper are at birth practically 
devoid of pigment but gradually as 
the animals approach maturity, they 
develop some pigment in the iris of 
the eye and in the hair. Bulls seem 
to attain a higher degree of pigmen- 
tation than cows. In mature animals, 
and especially in bulls, a peculiar kind 
of “ghost-pattern” is developed, white 
spotting apparently being inherited 
independently of the gene for partial 
albinism, as would be expected. The 
hairs from the creamy areas of the 
coat show more or less scattered pig- 
ment granules in the cortex. 

Only one animal was _ produced 
from matings of albino cattle inter 
se, and this animal showed the same 
type of pigment reduction as his 
parents. Albinos were mated to black 
and white, and red and white segre- 
gates from a Holstein & Angus cross 
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and also to a red-roan Shorthorn bull. 
All the calves produced in these mat- 
ings were black and white and of 
normal pigmentation. 

Meager as our data are, they must 
nevertheless be considered to support 
the hypothesis that the gene for this 
extreme reduction of pigment in cat- 
tle is a recessive allelomorph to the 
gene for normal pigmentation, and 
not dominant as seemed to be indi- 
cated in Detlefsen’s paper. 

The albinotic animals showed pro- 
nounced photophobia in strong sun- 
light, and one of the bulls was a very 
poor breeder. In milk production the 
albino cow was equal to normally 
pigmented Holstein cows of the ex- 
perimental herd, and there were no 
other signs of decreased vitality of 
the mutant albinotic type. 

There is some evidence to indicate 
that the two herds in which albinos 
were found may have common ances- 
tors within two or three generations 
back. If such is the case it is possi- 
ble all the albinos described in this 
paper may have resulted fzom the 
same original mutation. 
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A METHOD OF MAKING WHEAT CROSSES 


V. H. 


HE method of making crosses 
here described was developed by 
the writer in wheat-breeding ex- 
periments at Chico, California. This 
technique differs somewhat from that 
used by many wheat breeders, particu- 
larly in procuring pollen and in apply- 
ing it to emasculated florets. The meth- 
od has been used with success in Cali- 
fornia and in Idaho.t It has been es- 
pecially useful in certain back-crossing 
experiments which required a_ large 
number of crossed kernels. It is hoped 
that others may find the technique 
useful. 


Equipment 


The equipment includes a pair of 
forceps (curved or straight) with rather 
fine points, dissecting scissors, a minia- 
ture pointed spatula with the blade 
about one-sixteenth of an inch wide 
(an ordinary pin with head removed, 
flattened at the point and ground to an 
angle of about 45°, and provided with 
a handle, is satisfactory), paper bags 
for covering emasculated and pollinated 
heads, paper clips of the Gem type, 
clean, white paper slips, 3 by 4 inches, 
for pollen holders, tags for labeling, and 
a stool of convenient height. A wagon 
umbrella, 6 feet in diameter, is in- 
valuable as a means of protection from 
sun and wind. 


Preparing the Female Parent 


A suitable spike is chosen on the fe- 
male parent in which the pollen has not 
begun to ripen and from which no 
anthers are yet extruded. It is neces- 
sary to examine the florets of spikes to 
be used as parents to determine the de- 
gree of maturity. Partially ripe anthers 
burst easily in extraction and spikes 
containing them should not be used. 
Anthers approaching maturity can be 
identified by their greenish yellow or 


yellow color. It is convenient to use 
only the two outer flowers of the spike- 
lets for crossing. Six spikelets on each 
side (twelve per head) are a conveni- 
ent number to use. These should be 
located near the middle of the spike 
where they are best developed. The 
remaining spikelets are cut off close to 
the rachis with the dissecting scissors. 
The entire tip of the spike may be cut 
away. Awns also may be removed with 
the scissors. The middle flowers of 
each spikelet are removed similarly or 
with the forceps. During the opera- 
tion described, the spike is held between 
the thumb and fingers of the left hand, 
care being taken not to break the culm. 
Broken culms nearly always wither and 
die and a culm that is broken accident- 
ly should be discarded at once. 

In the process of emasculation the 
flowering glume and palea are gently 
separated with the closed forceps. In 
some varieties difficulty is encountered 
due to the closely appressed mem- 
branes. A gentle downward pressure by 
thumb or index finger on the tip of the 
flowering glume usually spreads the 
membranes sufficiently to expose the 
floral parts to view. The three anthers 
are then removed. Each succeeding 
spikelet is treated in exactly the same 
manner. It is best to be systematic in 
this process so as not to miss a single 
flower. The glumes tend to spread after 
emasculation, and any oversight may re- 


sult in the natural fertilization of a 
number of flowers. Figure 14 shows 
wheat flowers, two with green an- 


thers (B and C) and one with the an- 
thers fully ripe (D). 

When the spike has been completely 
emasculated it is covered with a paper 
bag folded close to the culm below the 
spike. It is secured by a paper clip 
placed parallel to the culm and as close 
to it as possible. 


*Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of 


Agriculture, Washington, D. C. 


Cooperative investigations of the Division of Cereal Crops and Diseases and the 
California and Idaho agricultural experiment stations. 
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FLOWERS OF WHEAT 
Figure 14 
At the left are shown two spikes of wheat (somewhat enlarged) at the stage of develop- 
ment when the flowers are mature. The anthers which are shown extended have been stimu- 
lated to exsert by the method described in the text. The photograph was taken about three 
minutes after the anthers were stroked. At the right are shown three views of wheat flowers, 
the two above of young flowers with the palea and lemma removed. The feathery stigmas 
are in condition for fertilization but the anthers are still green. No pollen has yet come in 
contact with the stigmas of these flowers. At D is shown a flower after the stigmas have 
exserted (anthesis). Note how greatly the anther filaments have elongated. Small pollen 
masses may be seen on the tips of the stigma branches to the right. The photographs of the 
flowers are magnified about four times. 


Florell: A Method of Crossing Wheat 


Obtaining Pollen 


The second phase of the hybridizing 
process is the transfer of pollen. Polli- 
nation occurs approximately at the time 
when the spike has fully emerged from 
the sheath. This stage usually is 
reached from seven to ten days after 
the first appearance of the tip of the 
spike. Under abnormal conditions the 
time of natural pollination may vary 
considerably. The best time to trans- 
fer pollen to the emasculated heads is 
when blooming naturally occurs in the 
pollen parent. 

Although wheat may be pollinated 
immediately after emasculation it usu- 
ally is desirable to allow two or three 
days to elapse to permit a fuller devel- 
opment of the feathery stigma. Pollen 
normally ripens several days later than 
the stigma. When desirable to cross 
early maturing varieties with later ma- 
turing varieties the difference in ma- 
turity may be a week or more. For- 
tunately, the stigmas remain in a recep- 
tive condition for a considerable time 
in the absence of fertilization and may 
be successfully pollinated a week or 
more after emasculation. If the differ- 
ence in the maturity of the varieties is 
too great, special precautions should be 
taken to insure a supply of pollen at the 
proper time. Sowings may be made at 
different dates, or young plants may be 
cut back so as to delay heading. 

Two methods of transferring pollen 
have been used by the writer: (1) Se- 
lected heads of the male parent con- 
taining ripe pollen were carried directly 
to the female parent and the ripe an- 
thers transferred to the stigmas by 
means of forceps; (2) pollen was ob- 
tained from the growing plants chosen 
as the parents or from spikes pulled or 
cut off previously, and applied by means 
of the spatula. The latter is preferred 
by the writer and has been used almost 
exclusively since the method was de- 
veloped. 

Wheat florets about ready to blossom 
exsert their anthers when the proper 
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stimulus is applied.* Four or five 
strokes with the fingers from the base 
of the spike toward the tip will cause 
the ripe anthers to exsert after a lapse 
of two or three minutes. When the 
anthers are partially exserted the pollen 
can be shaken into a container This 
procedure is useful in procuring pollen 
supplies, both from growing plants and 
from freshly cut heads. The method 
also discloses the available pollen sup- 
ply without the necessity of opening in- 
dividual flowers. Spikes in early stages 
of natural pollination with one or two 
florets having exserted anthers usually 
yield the best supply of ripe pollen. 
Spikes with old, faded, papery, exserted 
anthers are not often suitable. Exserted 
anthers are brushed away on stroking. 
No difficulty has been encountered by 
the writer from contamination of the 
pollen supply by foreign pollen which 
conceivably might adhere to the outside 
of the spike. Often as many as six or 
more florets on one spike have been 
found to exsert anthers simultaneously, 
ten being the maximum number ob- 
served. Figure 144 shows a beardless 
variety of wheat whose flowers have 
been caused to exsert by stroking. 
Small slips of paper, about 3 x 4 
inches, cut from ordinary letter paper, 
are used as containers for the pollen. 
These are folded and creased length- 
wise and the pollen from the exserted 
anthers is shaken into the crease. 


Pollinating 

After removing the protecting bag 
the emasculated spike is held between 
the thumb and the first two fingers of 
the left hand and the folded paper con- 
taining the pollen between the palm 
and the third and fourth fingers of the 
same hand. (Figure 15.) The pollen is 
transferred to the stigmas by means of 
the spatula. Receptive stigmas are 
shown in Figure 14. After pollination 
the spike is covered again with the 
paper bag and the date of pollination 
is noted on the previously attached tag. 
Before a new cross is made the spatula 


*This fact was called to the attention of the writer by J. B. Norton, formerly of the 


Division of Foreign Plant Introduction, Bureau of Plant Industry. 


4 


The Journal of Heredity 


THE TECHNIQUE OF POLLINATION 


Figure 15 
Pollen is contained in the folded paper. 


The membranes surrounding the flower 


(lemma and palea) are spread apart slightly by pressure upon their tips with the thumb, 
and pollen is inserted with the spatula (made by grinding flat the shank of an ordi- 


nary pin). 


is moistened on the tongue to destroy 
or remove any adhering pollen. 

In the course of many seasons’ work 
in hybridization, a number of observa- 
tions have been noted. Good results 
generally were obtained when pollen 
was applied at any time from imme- 
diately after emasculation to 6 or 8 
days later. In rare cases a low per- 
centage of successful crosses was ob- 
tained when the elapsed time between 
emasculation and pollination was as 
much as 23 to 25 days. The pollina- 
tion of immature stigmas has yielded 
good results. Florets at the base or the 
tip of the spike remain in condition for 
pollination latest, as would be expected 
from their late blooming. Within rea- 
sonable limits the economical applica- 
tion of ripe pollen appears to be as effi- 


cient as its lavish use. The use of 
flocculated or agglutinated pollen re- 
sulting from absorption of atmospheric 
moisture results in a low percentage of 
fertilization. Rainy or damp weather 
or abnormally cool or hot weather is 
unfavorable. 

Under normal conditions a high per- 
centage of successful crosses may be 
obtained by the spatula method of ap- 
plying pollen. At first in the writer’s 
experience pollinations were effected by 
placing a ripe anther within each floret 
of the emasculated spike. The anthers 


were taken directly from a spike of the 
male parent or from a container into 
which ripe anthers previously had been 
collected. This method is used by many 
wheat breeders. 

Table I contains a summary of the 
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percentage of seed set obtained in wheat 
hybridization experiments involving both 
methods of pollen application. The 
crosses listed were confined to com- 
binations between common (including 
club) wheats. No special sowings were 
made to bring together early and late 
maturing varieties, although some of 
the crosses involved quite wide differ- 
ences in time of maturity. The per- 
centage of seed set by the usual method 
at Chico, Calif., in 1919 and 1920 was 
41.1 and 42.1, respectively. 

The spatula method was used in all 
subsequent years. The percentage of 
seed set at Chico was 64.1 in 1921 and 
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at Davis, Calif., 54.0 per cent in 1922. 
At Moscow, Idaho, a percentage of 57.3 
was obtained in 1931. 

The percentage of successful fertil- 
izations by the method outlined was ap- 
preciably higher than by the old method 
of hunting for ripe anthers and apply- 
ing them to individual emasculated flor- 
ets. Where the parent varieties mature 
at approximately the same time a set of 
90 to 100 per cent is not uncommon. 

A most important point to remember 
in securing pollen is that it can be ob- 
tained only when natural pollination is 
in progress. At this time also pollen 
is in the best condition for successful 
fertilization. 


TABLE 1.—Percentage of seed set in wheat-hybridization experiments by two methods cf 
pollen application. 


Number 


: Spikes Florets Kernels Seed 
Locality Year Crosses crossed pollinat- harvest- set 
on ed ed 
Per cent 
Ripe Anther Placed in Each Floret 
Chico. Calif. 1919 26 122 2928 1204 41.1 
- 1920 20 119 3072 1293 42.1 
Ripe Pollen Placed on Stigma With Spatula 

Chico, Calif. 1921 20 = 3982 2478 64.1 
Davis, Calif. 1922 7 720 389 54.0 
Moscow, Idaho 1931 57 182 4226 2422 57.3 
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Press, Washington, D. C., 1933. 
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by J. F. Gaskell & H. L. H. H. Green. 
Pages 356, index, bibliography, 123 illustra- 
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785, index, and bibliography. Price, $7.00. 
Science Press, 1933. 
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A TEXT-BOOK OF EVOLUTION 
AND GENETICS, by A. W. Linpsey, Pro- 
fessor of Zoology in Denison University. 
459 pp., 210 illustrations. New York, Mac- 
millan Co., 1929. 

HE ideal college text-book on 

evolution and genetics must be writ- 
ten with an epic sweep, must marshal 
an immense body of evidence of all 
sorts and arrange it in great and un- 
forgetable generalizations, must show 
clearly man’s own place in the picture 
and inspire the student with the idea of 
the social direction or human evolution 
which is eugenics. By this standard 
Dr. Lindsey’s book falls short as do all 
others. It is encumbered with contro- 
versial details and accounts of hypo- 
theses now discarded, and it is scarcely 
up to date. There is, for instance, no 
adequate account of the statistical con- 
sequences of Mendelian heredity, though 


the development of these probably 
forms the greatest contribution to the 
study of evolution since Darwin. The 
chapters on heredity in man and on eu- 
genics are much more sketchy than is 
justified either by their interest or their 
importance to the individual student. 
Dr. Lindsey summarily discards the 
idea of continuity of germ-plasm; but 
it is still as well supported by the evi- 
dence as is any alternative concept; and 
if one looks on the genes as being the 
germplasm, then it is obviously correct. 
Its pedagogical value is too great to 
justify discarding it prematurely. With- 
in the limitations suggested above, Dr. 
Lindsey has brought together a vast 
amount of material, abundantly illus- 
trated, and the work will be found 
useful for many purposes. 

Paut Popenoe. 
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THE RELATIVE ABILITY OF MEN 
AND WOMEN 


T. D. A. CocKERELL 
University of Colorado 


HE University of Colorado has 
| about 3,000 students, exclusive 
of the graduate school. Some 
years ago the number was smaller, 
about 2,500. It is customary to tabu- 
late the class grades at the end of 
each semester or quarter. Formerly 
we had two semesters in the academic 
year, now we have three quarters. The 
summer school, which has grown to be 
about as large as the regular or winter 
school, is not considered in the discus- 
sion which follows. 

I have before me the figures for 43 
terms or semesters, showing in each 
case the average grades for all students, 
for all men, and all women. The rec- 
ord extends from 1914 to 1932. The 
figures below are in pairs, the first 
showing the grade for all men, the sec- 
ond all women. To save printing, I 
have not specified the years, but they 
are arranged in chronological order. 


Men Wemen Men Women 
77.15 81.02 77.66 79.64 
78.83 81.80 79.28 80.58 
77.60 7981 76.94 78.58 
78.90 80.37 78.21 79.92 
78.04 80.57 79.00 80.82 
79.56 81.19 77.00 78.65 
78.53 80.97 77.70 78.98 
78.56 81.65 79.36 79.57 
79.01 80.54 77.53 78.54 
77.85 79.65 78.08 79.19 
74.87 77.72 79.13 80.55 
74.63 76.15 77.17 78.50 
74.77 76.82 78.51 79.29 
77.16 79.39 79.56 80.57 
78.16 78.85 76.98 89.08 
75.80 76.89 78.47 79.58 
78.15 79.23 79.14 80.06 
78.80 80.00 77.71 79.05 
76.42 77.88 78.88 79.68 
78.66 79.96 79.66 80.76 
78.91 79.97 77.97 79.01 
76.11 78.87 


It will be seen that in every case 
without a single exception, the women 
are ahead of the men by a few points. 
When we consider that these figures 
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result from the grading of hundreds 
of teachers, of both sexes, quite with- 
out thought of such statistical results, 
the facts presented are very striking. 
In the course of the academic year, the 
grades always improve a little from the 
first term to the third, presumably 
owing principally to the dropping off of 
the least capable students. Thus it hap- 
pens that in the third term of the year 
1929-30, the grade for all men is 79.56, 
whereas in the first term of the same 
year the women only get 78.50. But in 
the third term of that year the women 
get 80.57. 

In School and Society, Sept. 2, 1933, 
Charles A. Maney gives the grades for 
students of Transylvania College for 
twenty semesters (1921-1931). His 
discussion relates to the relative stand- 
ing of football men, but in every single 
case the average of the women was 
higher than that of the non-football 
men, and that of the latter than that of 
the football players. 

In both lists the difference appears 
to be small, but it is not so small as it 
looks. At the University of Colorado 
we ostensibly grade on a _ percentage 
basis, 1 to 100; but actually the grading 
normally covers a range of not more 
than 40%. 

I think these figures completely dis- 
pose of the idea that men in general 
have better intellects than women. My 
own judgment, after many years of 
teaching, is that there is no appreciable 
difference between the sexes in intellect- 
ual ability. The superiority of the 
women, as shown above, may be due 
in part to their being a more selected 
lot. Where there are girls and boys in 
a family, and not all can go to college, 
the boys are likely to be given the pref- 
erence, unless the girls are unusually 
clever or particularly wish to go. On 
the other hand, from the standpoint of 
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a future career, the boys usually have 
more incentive to work. A good many 
girls certainly come to college largely 
for social reasons. Another probable 
reason for the superiority of the wom- 
en is that they have on the whole better 
habits. We hear much talk about wom- 
en smoking, and see many advertise- 
ments intended to induce them to smoke 
but certainly they do not smoke con- 
tinuously for long periods as do so 
many of the men. I once asked a man 
why he smoked so much, and he replied: 
“Well, you see, if I sit and do nothing, 
I feel unoccupied, but if I sit and 
smoke, I feel occupied.” This idleness 
may well give opportunities for reflec- 
tion, and may be a valuable part of life 
but it must often be detrimental to in- 
tellectual success, when overdone. It 
has been suggested that men have more 
diversified interests than women, and 
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hence do not concentrate so much on 
college work. Such men, in the long 
run, might prove to be the better edu- 
cated. It is difficult to estimate the 
value of this argument, but it can be 
said on the other side that when we 
have an interesting speaker or lecturer 
visiting the University, the audience 
usually consists chiefly of women al- 
though they are a minority on the 
campus. 

As to whether the men are more like- 
ly than the women to include individuals 
of outstanding ability, that is another 
matter, but the evidence here does not 
appear to support the common opinion 
that the men show native superiority. 
Thus it would seem that the actually 
inferior rank of women in so many 
fields of intellectual work is the result 
of man-made conventions, and repre- 
sents an enormous loss to society as a 
whole. 


Even though Dr. Cockerell’s observations on relative intelligence are 
admittedly not conclusive they call attention to an interesting situation. 


A variety of 


explanations of the differences is not difficult to find, and it may be that the data pre- 
sented will prove to be a challenge to others in position to undertake a more detailed 
research along these same lines. There are enough “perhapses” in this brief article to 
furnish the raw material for many heated arguments between the X-chromosomes and 
the Y’s. Perhaps the differences are to be accounted for by a differential susceptibility 
of instructors of the two sexes. Perhaps the subjects studied by men and women are 
not the same, and a weighing of the relative complexities of mathematics and muffins 
would be necessary. It is with the hope that these arguments may prove both pleasant 
and profitable that Dr. Cockerell’s interesting note is passed on to our readers. 


Social Legislation in Panama 


PANAMA Y SU LEGISLACION SO- cussions of the laws of Panama con- 
CIAL, by Jose Gurttermo Lewis. P. 254. cerning the protection of motherhood, 
Javier Morata, editor, Madrid, 1932. the prevention of venereal diseases, 

HE Latin-American countries 2@%4 the promotion of industrial hy- 


giene (all of which were due to the 
author) ; together with other projects 
in which he has interested himself. 


have been considering social legis- 
lation very carefully during recent 
years. This book gives detailed dis- 


Paut PopPENOE. 


INHERITANCE OF A LEAF VARIEGATION 
IN THE COMMON BEAN 


M C. Parker* 
University of Wisconsin} 


URING the course of an in- 

vestigation on the inheritance 

of resistance to mosaic in the 
common bean the necessity arose of ob- 
taining independent evidence of the 
role played in heredity by the cytoplasm 
in this plant. The specific point at is- 
sue was whether the fertilized egg de- 
rived any extranuclear material from 
the pollen tube. The inheritance of 
two distinct types of chlorophyll-de- 
ficiency were studied in this connection. 
One of these chlorophyll-deficiencies, 
called “yellow-spot,” proved to be trans- 
mitted in a simple Mendelian manner, 
and will not be further considered here; 
the other, termed “variegated,” afford- 
ed direct evidence of inheritance through 
the cytoplasm and forms the subject of 
the present discussion. 

The writer's stock of variegated beans 
was derived from a plant found in a 
commercial field of the Pencil Pod 
Black Wax variety near Greeley, Colo- 
rado, in 1931. One plant exhibiting 
this or a similar chlorophyll-deficiency 
was found on the bean plot of the U. 
S. Department of Agriculture at Gree- 
ley the same season. On testing in a 
greenhouse at Madison, Wisconsin, 
many of the offspring of the variegated 
plant from the commercial field proved 
to be variegated. 

Variegated plants are characterized 
by large irregular patches of chlorophyll- 
deficient leaf tissue. All gradations 
from normal green through light-green 
and yellowish-green to pure white may 
be observed on a single leaf. Figure 
16A is a photograph of a leaf from the 
original plant from which the variegat- 
ed stock was derived. The various de- 


grees of chlorosis may be seen from 
this photograph. Figure 16B shows a 
compound leat of an Fy, plant from the 
cross, variegated @ XX green é. Vari- 
ous degrees of green, light-green, and 
white are shown in this photograph. 
The pure white areas, being devoid of 
chlorophyll, do not grow as rapidly as 
the green tissues and consequently there 
results some curving and twisting of 
the developing leaflets. Figure 17 is a 
photograph of a leaf from a normal 
green plant. 


Earlier Cases of Variegation in the 
Bean 


A survey of the literature reveals 
that four cases of chlorophyll-deficient 
types have been reported in the com- 
mon bean (Phaseolus vulgaris L.). 
Johannsen® reported the occurrence of 
two aurea plants among 6,000 individ- 
uals in one of his pure lines. He 
proved their constancy, but made no 
crosses with normal green plants. In 
the same paper he describes a case of 
albinism which arose, presumably, as 
a bud mutation in a pure line. Seed 
produced on the pure white branch gave 
rise to albino seedlings, which soon 
perished. Tjebbes and Kooiman® found 
albino seedlings occurring frequently 
in cultures of beans with yellow or 
lemon-colored seed coats (citroenboo- 
nen). Upon grafting, an albino scion 
developed small patches of chlorophvll 
tissue in the leaves and on the pods. 
Burkholder and Muller? reported an 
abnormality in beans which may be con- 
sidered in the chlorophyll-deficient class, 
although it was mentioned by the au- 
thors because of its resemblance to the 


*The writer acknowledges with gratitude the valuable advice and assistance of Dr. 


R. A. Brink, who has made this study possible. 


He is indebted to Dr. W. J. Zaumeyer 


for the seed from the original chlorophyll-deficient plant. ; 
¢Contribution from the Division of Horticultural Crops and Diseases, Bureau of 
I'lant Industry, U. S. Department of Agriculture in cooperation with the Wisconsin 


Agricultural Experiment Station. 
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NORMAL BEAN LEAF 
Figure 17 
Leaf of a plant of the same strain of bean showing normal coloration. 


infectious mosaic disease. The leaves 
of plants so affected were mottled, the 
light areas being yellowish instead of 
light green as in mosaic-diseased plants. 


Experimental Methods 


Reciprocal crosses were made in the 
greenhouse between normal green 
plants of the Pencil Pod Black Wax 
variety and the chlorophyll-deficient 
type. The flowers were emasculated 
just as the edges of the standard petal 


were beginning to separate. They were 
pollinated immediately, tagged, and 
wrapped in cotton batting. It was 


found necessary to scarify the hybrid 
seeds before planting to insure even 


germination because of impermeability 
of the seed coats to water. The F; 
plants were grown in a cheesecloth cage 
to guard against cross-pollination and 
to protect the plants from insect-borne 
diseases, The F2 plants were reared in 
the greenhouse, and classified at inter- 
vals throughout the growth period. 

In the inoculation trials leaves of 
plants of the varieties Stringless Green 
Refugee, Michigan Robust, and Pencil 
Pod Black Wax were rubbed with a 
small cheesecloth pad saturated with 
juice expressed from variegated plants. 
The same varieties were also inoculated 
by pricking with a sterile needle through 
macerated chlorophyll-deficient leaf tis- 
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sue which had been placed on the 
leaves of plants being treated. 


Transmission Experiment 
The attempts to transmit the varie- 
gated character artificially were unsuc- 
cessful. The results were as follows: 
26 Michigan Robust, 30 Pencil Pod 
Black Wax, and 50 Stringless Green 
Refugee plants were inoculated by leaf 
rubbing and 41 Stringless Green Refu- 
gee, 29 Michigan Robust, and 29 Pen- 
cil Pod Black Wax were tested by the 
needle puncture method. The 106 in- 
dividuals in the former case and 99 in 
the latter gave entirely negative results. 
F, Generation 
The F, plants from reciprocal crosses 
between variegated and normal green 
plants are unlike. When variegated 
plants are used as female parents all 
the offspring are variegated in some 
degree. The amount of variegation in 
different hybrid plants ranges from a 
condition in which all the leaves are af- 
fected to that in which only a few show 
chlorotic areas. All F; plants except 
one from crosses of normal green fe- 
males X variegated males were normal 
green. In the exceptional individual 
(203-7 in Table 1) the variegation was 
confined to a single leaf and the af- 
fected area was so small it might easily 
have been overlooked. 
F. Generation 
The results obtained in the F, gen- 
eration from the variegated 2 X green 
é crosses are shown in Table 1. In 
five F2 families 313 plants were grown, 
262 of which proved to be variegated 
and 51 normal green. In the reciprocal 
cross, where a normal green plant was 
used as the female parent, only 28 out 
of 381 plants were variegated. Two 
of the eight F, families from this cross 
(normal green variegated ¢ ), as 
seen in ‘lable 11, produced no variegat- 
ed plants. The other six families pro- 
duced from one to eleven chlorophyll- 
deficient individuals. 


Etiolation Experiment 


A special technique was used by He- 
nika* to identify chlorophyll-deficient 
(White Burley) tobacco seedlings in 
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the greenhouse. Seed of segregating 
progenies was planted in flats and the 
seedlings were grown in darkness for 
a period of seven days at 90° F. This 
enabled him to classify his material 
more easily and accurately. With the 
possibility in mind that not all varie- 
gated plants in the present material 
were being detected under normal con- 
ditions, 26 plants of family 203-2 (nor- 
mal green? variegated ¢) were 
placed in a dark chamber and observed 
at four-day intervals over a period of 
twelve days. At the beginning of the 
experiment one of the 26 plants was 
recognized as variegated; the other 25 
were green. At the end of four days 
all the plants showed a general chloro- 
sis and were becoming spindly. After 
eight days the plants were very yellow 
and the weakened stems were unable to 
remain upright. Twelve days after 
the plants had been placed in the cham- 
ber most of them were dead or dying. 
No variegation appeared in any of the 
plants which had been green at the be- 
ginning of the experiment. There was 
no perceptible difference in the rate at 
which different plants became chlorotic. 
The variegation remained distinct on 
the one variegated plant for eight days. 
Discussion 

The breeding facts may be briefly 
summarized as follows. In the F; gen- 
eration all plants from variegated ma- 
ternal parents were variegated. Only 
a slight variegation of one plant oc- 
curred in the reciprocal cross. The 
F, results again show a preponderant 
influence of the maternal grandparent 
on the offspring. There were only 51 
normal green plants in 313 individuals 
from the cross variegated @ XX green 
é, while there were 353 green plants 
out of 381 when normal green plants 
were used as maternal grandparents. 
There were, however, 28 variegated 
individuals in the 381 Fy, plants when 
a variegated plant was used as a male 
in the original cross. 

The variegated character appears to 
be inherited independently of nuclear 
factors.. Under the Mendelian type of 


inheritance the reciprocal hybrids should 
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have been similar. Since the F, plants 
closely resembled the female parent in 
each case it might be suggested that 
hybrids had not been obtained. A 
glance at the F, generation (Tables I 
and II), however, will show that the 
plants were actually hybrids, for six 
out of the eight progenies from the 
cross normal green 2 X variegated ¢é 
gave at least one variegated plant. The 
occurrence of variegated offspring from 
the cross normal green @ X variegated 
é can be explained by assuming that 
occasionally some cytoplasm or other 
extranuclear material is introduced in- 
to the egg at the time of fertilization 
from the pollen tube, in connection or 
associated, with the male gametes. 
There is no direct proof of this, but 
such an hypothesis will account for the 
results obtained. As indirect proof the 
work of Reddick® and of Nelson and 
Down® on the transmission of bean 
mosaic by the pollen may be cited. Red- 
dick, in artificial as well as natural 
pollination studies, observed the trans- 
mission of bean mosaic from infected 
pollen parents. Nelson and Down 
state that approximately one-fourth of 
the ovules, and one-fourth of the pol- 
len grains of diseased plants are in- 
fected with the virus and are capable 
of transmitting the disease. It is not 
possible to state whether the transmis- 
sion of the virus by means of infected 
pollen is the result of cytoplasm intro- 
duced into the egg with the male gam- 
etes, or is merely the result of the asso- 
ciation of a diseased pollen tube with 
susceptible stylar tissue and the ulti- 
mate indirect infection of the young 
embryos. Microsporogenesis and fer- 
tilization in the bean have not been suf- 
ficiently studied to state whether pater- 
nal cytoplasm accompanies the male 
gametes into the egg. 

The results can best be explained by 
assuming that the cytoplasm is instru- 
mental in transmitting the variegated 
character. Whether the plastids, pro- 
plastids, or some other constituents of 
the cytoplasm are _ responsible, or 


whether the cytoplasm itself is capable 
of causing such an expression cannot 
At any 


be determined with certainty. 
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rate, this may be considered as a case 
of biparental cytoplasmic inheritance. 
The occurrence of a slight variegation 
in the leaf of one plant in the F, gen- 
eration of green 2 X variegated ¢ 
might be explained by assuming that 
the amount of cytoplasm or other cell 
component introduced into the egg from 
the pollen parent was large enough in 
this case to influence the developing 
plant in the first generation. The ap- 
pearance of some variegated Fy, off- 
spring from plants normal green in the 
F, generation may then be considered 
as the result of a segregation, or sort- 
ing out of this material in the F,; plants 
and its inclusion in such proportions in 
some of the Fs ovules that it comes to 
expression in the developing individual. 
If it is assumed that diseased chloro- 
plasts, or plastids devoid of chlorophyll 
are responsible for this variegation the 
Fy, results may be explained as follows. 
The male contribution introduced upon 
cross-pollination did not influence the 
phenotype of the first generation indi- 
viduals. The degenerate plastids in- 
crease and are distributed along with 
the increasing “normal” plastids during 
the course of growth and cell division 
in the F; plants. It is necessary to as- 
sume, however, that at certain cell di- 
visions a larger proportion of colorless 
than normal plastids are included in the 
daughter cell. The developing ovules 
come to contain, therefore, varying 
numbers of the colorless plastids as 
well as normal plastids. Certain of 
them possess a high enough proportion 
of the degenerate plastids to give rise 
to variegated plants. 

This case of variegation resembles, 
in its method of inheritance, the well 
known case of variegation in Pelar- 
gonium zonale var. albomarginata re- 
ported by Baur! and later by Noack*™ 
which has received considerable atten- 
tion in the literature. Baur explained 
his results by assuming the presence of 
two kinds of plastids or plastid pri- 
mordia which are sorted out during 
cell division and are contributed by both 
parents at the time of fertilization. 
Winge’® suggests that hiparental non- 
Mendelian inheritance is due to the fact 


170 The Journal 


that cytoplasm is introduced into the 
egg with the male gametes. Demerec,’ 
on the other hand, would explain the 
results by assuming the existence of a 
highly mutable gene for the sonale 
character. This explanation, however, 
admits an influence of the cytoplasm on 
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the character concerned. In regard to 
the variegated character in beans it is 
best, perhaps, to leave the question open 
except that it may he concluded that 
the cytoplasm, or its inclusions, govern 
in some manner the expression of the 
character, 
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TABLE I. F, Generation of Variegated 9 X 
Normal Green ¢ (Pencil Pod Black Wax). 


TABLE II. F, Generation of Normal Green 
(Pencil Pod Black Wax) X Variegated 4. 


Family Number of Plants Family Number of Plants 
Total | Green | Varierated Total | Green | Variegated 
201-1 22 1 21 203-1 74 74 0 
201-2 62 4 78 203-2 59 52 7 
201-3 21 2 19 203-3 49 49 0 
202-1 99 27 72 203-4 18 14 a 
202-2 89 17 72 203-5 | 54 43 11 
Totals 313 Sl 262 203-6 34 30 4 
203-7 30 29 1 
204-1 63 62 1 
Totals 381 353 28 
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KINKY TAIL IN SWINE 


Jutius E. Norpsy 
University of Idaho, Moscow, Idaho* 


USED caudal vertebrae in swine 
Fk give rise to distortions which 

have been variously identified 
as “kinky,” “flexed” and “screw” tail, 
the latter term applying more specifi- 
cally to the extreme variation shown 
in Figure 19D, in which the tail is 
rather rudimentary and terminates in 
a spiral twist. Kamenoff* has used 
the term “kinky,” Hunt! and Hunt, 
Mixter, and Permar® have referred to 
the variation as “flexed,” in describing 
a similar defect in the tail of the mouse. 


Description of Defect 


The defect is generally character- 
ized by rigid angles in the tail. It is 
evident as a distinct kink at the time 
of birth (Figure 19), and is to be dis- 
tinguished from the rather permanent 
spirals that so often develop toward 
the extremity of the tail in many 
mature swine. For the most part the 
kinks are found near the end of the 
tail, but they are not exclusively con- 
fined to this region. The kinks are 
more flexible at birth than at ma- 
turity, perhaps because the cartilage 
abnormality ossifies in mature ani- 
mals. The kinks may vary in num- 
ber. In some specimens there have 
been found as many as three kinks. 
In most cases the condition that pre- 
vails in Figure 19B is characteristic 
in the pig and such a case usually 
develops into a condition similar to 
that found in Figure 18C. In Figure 
18A and B the fusion of the vertebrae 
involved is indicated by brackets. 

The angles produced by the kinks are 
for the most part lateral. They may all 
be in the same direction (Figure 19D 
and B) or one may be to the right and 
the other to the left, as in Figure 18B. 
Very exaggerated cases are found in 
which there are three rather acute 
angles in the same direction, producing 
a pronounced hook in the tail. There 


is a marked variation in the length of 
the tails, which is noticeable in the same 
litter. The specimens in Figure 19 are 
from four of the affected pigs in the 
larger litter produced by mating boar 3 
with sow 2 (Figure 204). The other 
affected specimens in the same litter 
were comparable with B in Figure 19. 

The kink is rigid and is the result of 
the permanent fusion of two or more 
adjoining caudal vertebrae. In Figure 
18B the vertebrae were rigidly fused in 
two places. Likewise in Figure 184 
there are four groups of fused verte- 
brae, the number involved in_ these 
fusions being indicated by the brackets. 
Figure 184 shows the caudal vertebrae 
of the specimen in Figure 18C, which is 
the tail of boar 3 in Figure 20A. Fig- 
ure 184 shows the caudal vertebrae of 
sow 2 in Figure 20A. 

Vertebrae may be fused end to end, 
a condition which gives rise to some 
difficulty in distinguishing defective 
from normal specimens. Such a condi- 
tion may be observed in Figure 198 at 
the extreme tip of the tail. In Figure 
184 and B the four end vertebrae are 
fused in reasonably fair alignment with 
each other. 


Cause of Kinks 


In an embryological analysis of kinky 
tail in mice, Kamenoff has observed that 
“in the fourteenth day of gestation the 
mesenchyme of the invertebral anlage 
fails to form fibrous tissue on one side 
of the bent notochord. The successive 
slides show this non-fibrous anlage 
forming a cartilaginous bridge between 
the adjoining cartilaginous vertebrae. 
This bridge’s later ossifying prevents 
subepiphyseal growth of the side, thus 
accentuating the angle and pushing the 
nucleus pulposus to the lateral position 
seen in the slide of the adult.”” Kamen- 
off describes the defect as a “unilateral 
fusion between successive tail vertebrae, 


*Published with the approval of the Director as Research Paper No. 94 of the Idaho 


Agricultural Experiment Station. 


171 


The Journal of Heredity 


FUSED VERTEBRAE IN THE TAIL 
Figure 18 
Tail vertebrae of two kinky tailed swine showing the fusion of the bones which produces 


the permanent kinks. 


C shows the external appearance of the tail shown at B. The number 


of vertebrae involved in the fusion is shown by the brackets, the tail at 4 having two fusions 
of two vertebrae, one of three, and one of four at the tip of the tail. 


as seen in the cleared specimens.” It 
appears from the cleared specimens in 
Figure 18A and B that fusion of adjoin- 
ing vertebrae is for the most part uni- 
lateral. Any variation from this may 
be a difference in degree of the uni- 
lateral distortion. Hunt, who has made 
a study of flexed tail in mice, has found 
that “stiffness may exist without flex- 
ures, and in some animals the stiff seg- 
ments are so poorly developed that the 
animal can be distinguished with diff- 


culty, if at all, from normals.” Obser- 
vations so far indicate that the defect 
in swine here discussed is the same as 
that in mice reported by Kamenoff and 
Hunt. 


Significance of Defect 


The defect is obviously of scientific 
interest. Its importance in practical 
swine production is probably in propor- 
tion to the breeder’s evaluation of gene- 
tic purity for normal tail, and his re- 
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EXTERNAL APPEARANCE OF KINKY TAIL 
Figure 19 
Tail of four new born swine showing the kinks at the early stage in development. 
These kinks are to be distinguished from the curled or “corkscrew tails” which fre- 


quently develop in mature swine. 
and persist throughout life. 


These kinks are due to actual fusion of the vertebrae 
It appears that this characteristic is transmitted as a re- 


cessive character with possible modifying factors involved. 


action to the appearance of animals 
with extremely short tails, such as Fig- 
ure 19D. It should also be of some val- 
te to know whether the condition in 
this specimen is the maximum variation 
for shortness. The defect in Figure 
184 is not far from the sacral vertebrae. 
So far as the author is aware it is yet 
to be determined whether this defect is 
limited to the coccygeal vertebrae, 
though on a number of occasions he 
has observed lateral distortions in the 
sacra of swine and cattle. The affected 
individuals, unfortunately, were elimi- 
nated from the herds before they repro- 
duced and no examination was made of 
the sacral vertebrae. 

If any physiological disturbance is 
associated with this defect, it has not 
been observed definitely in swine. Ka- 
menofft has observed in mice that the 


defectives “are probably anaemic at 
birth” and Hunt found that “the new- 
born flexed tail mice are anaemic.” In 
the inbred litters that were produced by 
mating sow 2 in Figure 20A back to her 
own son, 3, the pigs weighed about two 
pounds at birth, which is half a pound 
less than normal. Close breeding, how- 
ever, may have been responsible for 
this reduced size. In other litters in 
which the inbreeding was not so marked 
the defectives were not noticeably small- 
er nor less vigorous than normal pigs. 
The observations based on these meager 
data should not be considered final with 
respect to the factors of size and vigor 
at birth. 

The great variability of the defect, 
both in location and in magnitude, sug- 
gests that the sacrum might become in- 
volved in extreme cases; in any case the 
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PEDIGREES OF KINKY TAILED 
SWINE 


Figure 20 


4 


It is clear from these pedigrees that the 
characteristic is inherited as a recessive 
or that complementary factors are in- 
volved. Obviously the defect is not a 
dominant. Where the vertebrae are fused 
in a straight line it may be difficult to 
detect the defect and this fact may ac- 
count for a deficiency in kinky ‘tailed 
swine in some of the progeny. It might 
also account for the apparently normal 
progeny of two affected individuals as at 
4, 5 and 6 above. 


1. Hunt, Harrison R. The flexed tailed 
mouse. Proceedings of the Sixth Interna- 
tional Congress of Genetics, Vol. 2, pp. 91-93. 

2. Hunt, Harrison R., Russet, MIxtTer, 
and Dorornyy PerMar, 1933. Flexed tail in 
the mouse, Mus Musculus. Genetics, Vol. 
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tail is distorted. Other investigators 
have found physiological defects asso- 
ciated with an apparently similar defect. 
Under these conditions it would seem 
advisable, at least for the breeder of 
purebred swine, to recognize the defect 
as undesirable. 


Inheritance of Defect 


The author has observed for some 
time the frequent appearance of the de- 
fect in some closely bred strains of 
swine. The data summarized in Figure 
20 identify the defect as a recessive. It 
will be noted, however, that the normal- 
ly expected single recessive ratio does 
not appear. Hunt observed that “flexed 
times flexed crosses bred 715 flexed, 1 
short tailed, and 5 normal progeny. 
Two of the normal male progeny were 
mated with flexed females and bred 
nothing but flexed young, indicating that 
they were genetically flexed but so- 
matically straight tailed.” Phenotypic- 
ally, 4, 5 and 6 in Figure 20A appeared 
normal. Hunt has observed that the 
exceptions to the normal ratio are “due 
to causes, other than the flexed gene 
itself, which inhibit the trait.” It is 
difficult to explain the ratios that ap- 
pear in Figure 20 unless they are ex- 
plained on the basis of the presence of 
inhibitory influences. The absence of 
kinks when adjacent vertebrae are fused 
end to end, and the presence of inhibi- 
tory influences that affect the gene for 
kinky tail may both interfere with the 
normal ratio. 

Summary 


A kinky condition in the tail of swine 
is described which is due to the unilater- 
al fusion of adjacent caudal vertebrae. 

The defect is apparently due to a 
single recessive factor working in the 
presence of inhibitory influences which 
prevent the appearance of the normal 
ratio. 


18, No. 4, pp. 355-366. 


3. Kamenorr, R. J. 1932. 


An embryo- 
logical study of the development of kinky 


tailed mouse. Proceedings of the Sixth In- 
ternational Congress of Genetics, Vol. 2, p. 
253. 
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A Glossary Of Genetic Terms 


ENETICS has developed so rapidly that many terms in common use in 
genetic literature are not yet incorporated in the dictionaries. Many 


people who are interested in heredity are bothered by such words, for 
which no definition can conveniently be found. For this reason, it is proposed to 
publish occasionally a glossary of terms which would not be readily understood 
and which are not to be found except in new unabridged dictionaries. It is 
realized that these definitions will probably not meet with universal approval and 


ALLELOMORPH—Mendelian characters are in- 
herited in alternative pairs, or in alterna- 
tive series. These alternative genes are 
called allelomorphs. Examples: Albinism 
(recessive), Normal pigmentation (domi- 
nant); Horns (recessive), Hornlessness 
(dominant ). 

CHARACTER (a contraction of characteristic) 
—A term used, often rather vaguely, to 
designate any form, function, or feature 
of an organism. The Mendelian charac- 
ters of genetics represent the end-prod- 
ucts of development in which a definite 
gene, or genes, have a decisive effect. “The 
constant and unchanging thing, therefore, 
is the factor (gene) itself rather than the 
character, and the unity which Mendel ob- 
served lies rather in this underlying factor 
than in the visible, and perhaps variable, 
character which it produces.”—Sinnott and 
Dunn. 

 dark-staining bodies 
visible in the nucleus of the cell at the 
time of cell-division. The number of 
chromosomes in any species is usually con- 
stant. The chromosomes are made up of 
genes linearly arranged, which control the 
development of Mendelian characters. 

DirLom—Having two sets of chromosomes. 
Body-tissues of higher plants and animals 
are ordinarily diploid in chromosome con- 
stitution. See Somatic. 

F,—(Pronounced eff-one). The first filial 
generation. The offspring of a given 
mating. 

F.—The second filial generation. Produced 
by intercrossing or self-fertilizing the F. 
The inbred grandchildren of a given mat- 
ing. 

GENotyPE—The_ entire genetic constitution, 
expressed and latent, of an organism. 

Haptom—Having the reduced number of 
chromosomes, as in germ cells, as distin- 
guished from from the diploid or double 
number of chromosomes in normal somatic 
cells. 

HeEtTerozycous—Containing both genes of an 
allelomorphic pair, or two genes of an 
allelomorphic series. Heterozygous  in- 
dividuals generally resemble the individuals 
homozygous for the dominant character, 

but they transmit the recessive to half their 

offspring. 


comments and suggestions will be welcomed. 


LinKAGE—Association of genes inheri- 
tance, due to the fact that they are in the 
same chromosome. 

Me1osts—The reduction divisions preceding 
the formation of gametes, in which the 
chromosome pairs separate, and the chromo- 
some number is reduced to half the so- 
matic number. 

Mosaic—An_ organism part of which is 
made up of tissue genetically different from 
the remaining part. Mosaics are produced 
by mutations during development or by 
chromosome non-disjunction, 

Mvutation—Where a heritable variation be- 
gins. A sudden variation in an inherited 
character. 

PHENotyre—The organism as exemplified by 
its expressed characters, as contrasted with 
its genetic constitution (the genotype ). 

PoLypLoip—Normal body cells of the higher 
plants and animals have two sets of chro- 
mosomes (see Diploid). Polyploids are 
forms having three or more of these basic 
chromosome sets. 

Pure Line—A strain of organisms that is 
genetically pure, due to continued inbreed- 
ing or self fertilization, or through other 
means 

Repuction Drivision—The division preceding 
the formation of gametes, in which the 
chromosome pairs separate, and the chro- 
mosome number is reduced to half the 
somatic number. 

SEGREGATION—Separation of allelomorphic 
genes at meiosis. 

Somatic—Referring to body tissues; having 
two sets of chromosomes, one set normally 
coming from the female parent and one 
from the male: as contrasted with germ 
cells having a single set of chromosomes. 

TETRAPLOID—An organism characterized by 
a quadruplication of the reduced primary 
chromosome number. 

TripLom—An organism characterized by hav- 
ing three times the reduced primary chro- 
mosome number. 

X- anp sex-determin- 
ing chromosomes. The sex-chromosome 
constitution of the normal female is X-X; 
that of the normal male is X-Y. 
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